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PREFACE

This report was prepared by IIT Research Institute/Reliability
Analysis Center for the Rome Air Development Center, Griffiss AFB, New
York, under Mod P00007 to ccatract F30602-78-C-028i. The RADC technical
monitor for this program is Mr. Peter F. Manno (RBRA).

The principal investigators for this project were Mr. K.A. Dey, Mr.

S.J. Flint and Mr. H.C. Rickers, with valuable assistance provided by Mr.
V. Cavo, Mrs. C.A. Proctor and Mr. B.L. Radigan.
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EVALUATION

The objective of this effort was to provide additional verification of the
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NP U SRS S S ]

monolithic microcircuit prediction models contained in MIL-HDBK-217C, Notice 1,

s
"Reliability Prediction of Electronic Equipment", dated May 1980. The study

evaluated the accuracy of the models through a comparison of predictions to actual
observed device failure rates using data acquired since the completion of the model
development program in March 1979. This newly acquired data base encompasses a

total of 39.4 x 109 part hours on digital microcircuits including large scale integrated

devices (LSI), memories, and linear devices.

objective and unbiased assessment of the models. These ratio plots for the 5

i
i
i
Special statistical techniques such as ratio plots were applied to provide an ‘
!
|
monolithic models in MIL-HDBK-217C are presented to show how accurately they ;

predict failure rates. The digiral models for both monolithic Bipolar and MOS devices

shows some dependence on the complexity factor but overall the ratio plot shows that

points, indicating good correlation.

!

|

the moving average line passes through the middle of the observed versus predicted §
The overall performance of the Monolithic ;

b

Bipolar and MOS Linear Devices model based on the new data proved satisfactory and
showed some complexity factor dependence., Only limited data was available to
validate the Monolithic Bipolar and MOS Random Logic LSI and Microprocessor

Devices Models, however, but the moving average in the ratio plots showed that the
model is predicting failure rates somewhat lower than the actual observed data. The
Random Access Memories (RAMs) model again showed strong complexity dependence.

The data scatter, particularly for 4K RAMs, results in an average line which differs

significantly from the ideal observed to predicted ratio of one, There was

ix
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insufficient data to properly evaluate the Read-Only and Programmable Read-Only

Memories Model.

Overall, the microcircuit failure rates predicted by the models in the present
MIL-HDBX-217C, Notice 1, based on the data collected in this effort were verified
to be an effective means for assessing the reliability of microelectronic devices.
Future revisions to the failure rate models in MIL-HDBK-217C will consider the data
generated in this effort.

(eter ~/ Hidnrto

PETER F. MANNO
Project Engineer




1. INTRODUCTION

1.1 Objective. The objective of this study is to provide additional
verification of the monolithic microcircuit prediction models originally
developed in RADC-TR-79-97, "LSI/Microprocessor Reliability Prediction
Model Development," dated March 1979 and later incorporated into MIL-HDBK-
217C, Notice 1, "Reliability Prediction of Electronic Equipment," dated
May 1980. Notice 1 also includes the revised digital SSI/MSI and linear
device models. This study is concerned with the evaluation of monolithic
reliability prediction model accuracy through a comparison of predictions
to actual observed device failure rates. This verification process
utilizes field failure rate information not employed=in the previous model
development programs.

1.2 Background. A means of predicting failure rate is essential in
the development and maintenance of electronic equipments. Predictions
performed as a part of the design stage provide an objective means of
comparing design options. They also yield early estimates of anticipated
equipment reliability which are useful in 1life cycle cost studies and
forecasting of spares holding requirements. Previous microcircuit
reliability prediction %echniques, such as those presented in MIL-HDBK-
2178, afforded reasonably accurate predictions for a variety of device
technologies over the low and medium complexity range. However, the rapid
evolution of microcircuit technologies introduced complex device
configurations which were beyond the intended scope of those methods. The
extensive use of these complex new technology devices in both military and
commercial electronic systems created an urgent need for a relatively
simple yet accurate method of predicting their reliability.

Such a method was derived in RADC-TR-79-97 "LSI/Microprocessor
Reliability Prediction Model Development,” dated March 1979. These models
improved prediction accuracy without substantially dincreasing model
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complexity by subdividing each parameter into a set of more detailed

parameters. Thus, the reliability sensitive attributes of a device are
more adequately represented.

To insure that these models remain accurate and realistically reflect
the impact of emerging technologies and fabrication techniques, it is
essential to monitor the correlation of reliatility predictions
(calculated using these models) with observed field failure rates.

This report describes the results of the verification study for MIL-
HDBK-217C, Notice 1, Monolithic Microcircuit Reliability Prediction
Models.

2.  DATA COLLECTION AND DATA ANALYSIS TECHNIQUES

2.1 Data Collection. The development of the monolithic microcircuit
models presented in MIL-HDBK-217C, Notice 1 were based on the analysis of
over 32 x 109 part hours of reliability data including laboratory life
testing, reliability demonstration, checkout, burn-in and field experience
data. In this model development, the reliability data resources were
complemented by a theoretical analysis of pertinent reliability consider-
ations as suggested by the fruits of an extensive literature search. To
establish confidence in the model, an additional set of data (not used in

deriving the model) was used to compare predicted to observed failure
rates.

Since the model was developed, additional reliability data have been
collected as part of the IITRI/Reljability Analysis Center (RAC) opera-
tion. This latest data encompasses a variety of device types (including
some new technology devices) in a number of different package configur-
ations and applications for a total of 39.4 x 109 part hours. Thus a tota!
of 71.4 x 109 part hours have now been used in deriving and validating the
model.
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Since the validity of failure rate prediction models can be best
assessed through a comparison of predictions and reliability experiences
in actual usage conditions, only field reliability data is employed in this

validation study. All field data acquired since the completion of the
model development program in March 1979 has been utilized and is presented
in Appendix A. A summary of the data is given in Table 1.

TABLE 1: SUMMARY OF DATA ENTRIES EMPLOYED
IN MODEL EVALUATION

Device Category Number of Data Points
Digital, SSI/MSI 414
Digital, LSI 35
Memory 97
Linear 127
Total 673

(Note that the number of data entries in Appendix A is less than 673 since

some of the data points are for the same device in identical conditions.
Such data points are combined into one entry.)

2.2 Data Analysis Techniques. Special statistical techniques have
been developed (or adapted from standard methods) to provide an objective

and unbiased assessment of the models. The later stages of the study were

largely concerned with developing a general procedure applicable to any
study of this type. The goal was to provide a procedure which did not
oversimplify the underlying statistics but at the same time was understood

by the layman. Any presentation format which was based on engineering
principles was considered particularly attractive.

The following techniques were used in the study:

A AT ——, A TS o=
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(i) Logarithmic Failure Rate Ratio Plot. One way to assess the
performance of a model is by residual analysis, i.e., the error remaining
after the model has been fitted. We are concerned with relative (or
percentage) errors, since a 10% error at a low failure rate is as serious
as a 10% error at very high failure rate. Any attempt to consider actual
error can be seriously misleading; hence, a type of standard error
} independent of the magnitude of the failure rate is called for. This is

consistent with the concept of a multiplicative model (as employed in MIL-
HDBK-217C) rather than the general linear (additive) model.

AR S A RS
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A further requirement is that the skew in the distribution of errors
should be zero so that a predicted failure rate (Ap) at twice the observed

failure rate (Ag) appears equally but oppositely as serious as a Ap at half
the observed failure rate.

Given these two stipulations the remarkable visuo-spatial analytic
abilities of the brain can enhance the study in an unbiased fashion. The

keyword here 1is ‘"enhance," and rigorous statistical tests are also
required; these are defined in later sections of this report.

5

IR0

From here on in this report a predicted failure rate will be referred

to as "predicted" or as Ap. The corresponding observed failure rate will
be referred to as "observed" or A,.

A logarithmic plot of the ratio of observed to predicted (Xo/lp)
satisfied both stipulations defined above. An example of some hypothet-
ical data is given in Figureﬁl and some real data in Figure 3. Figure 2

gives a comparison of the various graphical methods to show why the
logarithmic residual ratio plot was used.

The hypothetical data are for three points, all with Ay, = 10, but with
Ap respectively at 5, 10, and 20 failures per 106 hours.

The real data is a subset of Appendix A.

4
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The meving average is simply a series of arithmetic means over certain
ranges of the horizontal axis. In this case, the range is 10 gates on the
complexity axis. The resultant series of points are joined for clarity.
The moving average highlights and smooths the relation between the two
variables, in this case log X/, and complexity.

Mathematically, the principle of the ratio plot is explained by:
(log 2 - log 1) = (log 1 - log 0.5)

2.1
and T°0%

so that a constant % error is shown as a constant distance from the 1ine of
perfect fit.

e et =




A perfect fit is found where Aq = Ap and hence where 10910 (lolkp) =
0. Therefore, the goodness of fit of the model is evaluated on a
symmetrical scale about 0, typically not exceeding +1, as shown in Figures
1 and 3. Note that +1 represents an order of magnitude in either
direction.

This plotting methed is used extensive}y in the analysis. A computer
program was written to automatically construct these plots directly from a
data file.

(i1) Significance Test for the Sample Mean. For actual field data,
the distribution of log10 (AO/Ap) is found to be close to normality as
shown in Figures 4 and 5. Figure 4. is a straightforward histogram for a
particular sec of data, and Figure 5 shows the same data on normal
probability paper. The Kolmogorov-Smirnov statistic (See Section 2.2(v)
or Ref. 3) concludes that there is no significant departure from normality.

This normal attribute of the logarithmic ratio plot is exploited in
deriving a statistical test to decide whether a particular set of observa-
tions is significantly different from their associated predictions. In
other words, they could not have arisen by chance at some predetermined
lavel of significance.

If the variance of logip (Ag/%) for a given set of conditions is o2

then the variance of the mean of a set of n such points is o2/, where n is

- the sample size. If o2 is estimated from a sample of data, as s¢, then the

variance of the sample mean is %-. Since the expected value ¢f logip

(%/%) is 0, and the distribution of log10 (%0/2p) is approximately normal
then

- {10910 (Ao/Ap)}
s/ Vvn
is distributed as Student's t distribution with (n-2) degrees of freedom.
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If t is found to be less than the critical value (found in tables,
Ref. 4) at some significance level .a, then the model is performing
satisfactorily over the sample space, i.e., for the set of environmental,
temperature and device conditions experienced by the data for a given
technology type.

If t exceeds the critical vajue then the deviations from the perfect

fit are not explained by the laws of chance and an improvement may be
required.

(iii) Correlation Matrix. It is required to identify which factors
are causing fluctuations in model accuracy, and one way to do this is to
correlate the residual with each factor in turn. If it is found that some
factor is always large when the residual is large, then that factor may be
having a deleterious effect on the model. In the practical case, life is
never quite as simple and we have to be satisfied with identifying the most
likely factors. This 1is done by means of a matrix of correlation
coefficients, commonly referred to as a correlation matrix.

The correlation coefficient is a standardized measure of the extent
to which two variables are dependent on one another. For two variables x
and y, the correlation coefficient r is defined as:

Covariance (x,y)
oX - oy

where ox + oy is the product of the standard deviations of x and y. r
varies between -1 and +1. Zero indicates no correlation and +1 indicates
perfect (positive or negative) correlation.

Thus if there are a number of factors present, then each factor may be

correlated with each factor to derive the correlation matrix. The
correlations invelving logig (Ao/Ap) serve to indicate which factors are

11




causing model fluctuations. The other correlations provide additiona:
useful information about the way in which the various factors interrelate
with one another.

It is nst intuitively obvious how large r has to be to indicate a
significant correlation and so the sampling distribution of r is required.
¢xact derivation of the sampling distribution is difficult but an
approximation is given by

r\/n-Z /\1-r2

which has a t distribution (where n is the number of data pairs). These
values are tabulated in Ref. 4. For example, an r value of 0.3 with 47
pairs of observations indicates a significant correlation at the 5% level.
An r value of 0.01 with the same number of observations indicates no
significant correlation and hence r is effectively zero.

An annotated example of the correlation matrix is given in Figure 6
below. Note that the terms above the diagonal would mirror those below and
* are not needed and therefore are not included.

VARIABLE NUMBER
1 2 3 4 5
1 1.0 4—-—-——-—5er CORRELATIONS = 1

0.01 1, 0
0.07

RIGH NEGATIVE
CORRELAYION

VARIABLE NUMBER
+ [ 0N

o

HIGH POSITIVE
CORRELATION
FIGURE 6: EXAMPLE OF A CORRELATION MATRIX

An objective assessment of which factors might cause model fluctu-
ation is now possible and was used extensively in the analysis.
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(iv) MWilcoxon Rank Sum Test. Where very little information is
available in a particular class of data, it is sometimes not possible to
apply the usual distribution statistics. Non-parametric tests may be used

instead and they generally consider the probability of observing sequences
of ranks under some null hypothesis.

Wilcoxon's rank sum test may be used instead of a parametric t test.
Suppose two (small) sets of data are gathered and it is required to decide
whether or not they are from the same districution. The two sets are

combined and ranked. The ranks for the smaller group are then summed (R).
Rl is then found from Rl =n1 (n + 1)-R

where

ni = number in smaller sample
ny = number in larger sample
n -

total number (nj + n2)

A critical value of w is then found from tables (Ref. 6) given n1, n2 and a

significance level a. If either R or Rl exceeds w then the hypothesis that
both sets of data are from the same distribution is rejected.

The theoretical considerations in this test are given in Refs. 7 and

(v) Goodness of Fit Testing. Since the sample sizes are often

quite small, the Kolmogorov-Smirnov test is chosen for deciding how well
some theoretical distribution fits a set of data.

If the observed cumulative distribution at some point x is evaluated
as Fo(xy, and the theoretical cumulative distribution at the same point is

evaluated as Fg(x), then D = max. ! Fo(x) - FE(x)I is the Kolmogorov-
Smirnov statistic. Tables of critical values of D are given in Ref. 3.

13
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The test may also be used to compare two sets of data directly as an
alternative to Wiicoxon's test. In that case, one would evaluate D = max
| F1i0) - Fatx) |

(vi) Other Methods,

General. General statistical techniques are implemented throughout;
those described previously were probably the most extensively used.
References are provided for additional methods as necessary. Mathematics

was also used as required, and, where necessary, formulae and derivations

are provided.

Cautionary Note. It is extremely importint to realize that when a
series of separate statistical tests are performed, the significance
levels can be invalidated. This is because of the fact that significant
correlations can arise by chance with probability «. Thus if n tests are
carried out, no of them are expected to have arisen by chance. Care is
therefore required in providing an explanation for each significant
correlation. Since the significance level is not used other than to
identify specific factors, we are not otherwise concerned with this
phenomenon. Evaluation of exact significance is possible by construction
of a multiple comparison test (of which analysis of variance and the
Studentized range are examples). The interpretation of correlation
matrices and "multiple" t-tests is tempered by this cautionary note.

Hypothesis Testing. This report assumes a rudimentary knowledge of
the philosophy of statistical hypothesis testing, commonly referred to as
the Neyman-Pearson theory. The points of that theory necessary to
understanding this report are therefore summarized as follows.

First, a null hypothasis (Hp) is chosen; as far as possible this
hypothesis should reflect the status quo. In many of the tests in this

report, the null hypothesis is that the model is adequate. It is also

14
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pecessary to define an alternative hypothesis (Hj) in advance of carrying
out the test. In this report the alternative is usually that the model is
pot adequate. It is also necessary to define a significance level (a)
which is the acceptable risk of deciding that the model is not adequate,
when in fact it is adequate. The statistical test is then performed and
depending on whether the result is less than cr greater than the tabulated
critical value (Ref. 4) we accept or reject Hp at that significance level.
if we reject Ho, we have to accept H]. This explains the use of the words
saccept” and "reject” in many tabulated tests in this report.

The significance level a is traditionally taken as 0.05 (i.e., 5%).
Depending on the particular study or experiment, one might specify a smal-
fer risk (e.g., 1% or even 0.1%) or a greater risk {e.g., 10%). In view of
the cautionary note above, a is taken in cne case, in this report, to be
k%, It should be noted that decreasing o increases B and vice-versa,
where g is the risk of accepting Hp, when in fact H1 is true (i.e., con-
cluding the model is adequate when in fact it is not adequate). Note §hat
the two risks are analogous to "producer" and “consumer" rislis" in a
manufacturing process. "

Thus, the lower the o, the more signi?icant the finding. Strictly an
a should be defined prior to starting the analysis; in this report, the
conclusions are based on an o of 2%%. It is not orthodox to provide all

significance levels as has been done in this rejport, but they are included
to provide further information.

The two types of error, the significance levels, an¢ the potential
penalties are summarized as follows:

Truth/
Decision Ho True H1 True
Accept K Model adequate and we decide Model finadequate and we decide
0 it is adequate 1s is adequate
Everyone happy Users find models give .bad
predictions
Probabiiity 8
Rejact "o Model adequate and we decide Model inadequate and we decide.
it §s not adequate it is imadequate
Money wasted redoing a good Everyone happy
model
Probabflity a

15




In practice it is never possible to eliminate these risks, o and B.
In this study, it is very unlikely that the conclusions are erroneous since
they are indicated by a series of tests and logical inferences rather than
just cine test based on a single sample.

3. MODEL VERIFICATION
3.1 Data File. A data file was created consisting of the data in

Appendix 1. The file therefore consists of nearly six hundred 1line
entries, each with fourteen variables entered in free format and defined as

follows:
TABLE 2: VARIABLES USED IN DATA FILE
Variable
Number Name Description
1 TECH  Technology type, coded as in Table 3.
2 COMP  Complexity expressed as number of gates cr bits.
3 PKG Package type, coded as in Table 4.
4 NPIN  Number of pins.
5 SC Screen class, coded as in Table 5.
6 APEN  Application environment, coded as in Table 6.
7 TJ Junction temperature in OC.
8 HRS Total part hours.
9 #FAl  Total number of failures.
10 081 Lower 80% confidence limit on observed.
11 08 Observed failure rate per 106 hr.
12 0B2 Upper 80% con.idence 1imit on observed.
13 PRED Predicted failure rate per 106 hr.
14 LOG  Logio (0B/PRED).

These codes are modified in the individual technology correlation matrices
and defined above each matrix.

16




The codings used are given in the following four tables.

4
z;if Table 3 Technology Coding Table 4 Package Coding
% Technology Type Package Type
v Technology Code Package Code
% cos 1 CMDIP 1
4 HTTL 2 Kolp 2
. LSTTL 3 PDIP 3
%1‘% ' STTL 4 Can 4
§ LTTL 5 HFPK 5
¢ TIL 6 EDIP 6
: ECL 7 SDIP 7
g Linears 8 CDIP 8
%;_ PMOS 9 CFPK 9
£ P-MNOS 10 MGDIP 10
NMOS N PINL n
MNOS 12 EINL 12
Table 5 Screen Coding 11.\apt;)>]1t§ca$:ion Environment Coding
Screen Class Environment Code
Screen Code GB 1
MGB 2
JB 1 GF 3
J8/8-1 2 G8C 4
B-1 3 GT 5
B2 4 NSS 6
C1 5 NS 7
C-2 6 AIF 8
D 7 Al 9
D-1 8 AUF 10
AlU N
AIT 12

17
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Non-numerical variables were coded numerically so that numerical

methods could be approximately applied. Where possible the coding
reflected the variable; for examp'2, screen class was coded from 1 to 8 in

order of decreasing screening level. In this way, approximate
correlations, etc., could be derived for non-numerical data. Note that a
non-parametric correlation coefficient (such as Spearman‘’s rank
correlation coefficient) might be more accurate in some cases but that we
are not concerned with absolute accuracy in such computations; an ordering
is sufficient. This point is, however, borne in mind when establishing
significance of apparently highly correlated variables.

The data file thus created allows computer programs to be run
efficiently for specified options.

3.2 General Analysis.

3.2.1 Correlation and Goodness of Fit Tests. The following options
are first selected to establish any major trends of deviations.

(1) Correlation matrix for all variables, all data.

(i) Logarithmic plot for all data, against technology type.
(iii) Logarithmic plot for all data, against screen class.
(iv) Logarithmic piot for all data, against environment.

(i) The correiation matrix is given in Table 7. The critical values °
of the correlation coefficient for the data (472 data points) were 0.0900
for a significance («) of 5%, 0.1180 for @ = 1% and 0.1501 for o« = 0.1%.
The smaller the a, the more significant the correlation. The values in the
matrix were asterisked accordingly as defined in the legend.

Most significant correlations are easily explained and the obvious

ones are not described here, e.g., observed with complexity. Some more
obscure and some unexpected correlations require explanation.

18
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a) Technology vs. complexity (0.1%) - this correlation is
attributable to the coding of the technologies. Those with large memories
and the like, such as PMOS, NMOS, MNOS, are assigned the higher code

values, so that LSI and VLSI technologies coincide with high code values.

b) Technology vs. package (0.1%) - this is a semi-spurious
correlation attributable to the fact that many technologies divide into

one or two groups of package. An example is sketched below for LTTL
devices.

LOG(XQ/AP)

STRONG CORRELATION
DETECTED OM THIS LINE

-1
A 3

A AND B ARE HYPOTHETICAL GROUPINGS OF THE DATA

FIGURE 7: FORCED CORRELATION

For ease of explanation, this phenomenon will in future be referred to
as the forced correlation.
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c) Technology vs. screen class (0.1%) - similar to (a), the
particular sample of data used for this study included a large number of
digital parts of D-1 and D screen but there was a higher proportion of
better quality parts in PMOS, NMOS, etc. From here on, this type of
correlation is referred to simply as a sample correlation.

d) Technology vs. application environment (5%) - probably a
sampling correlation but possibly also attributable to selective
employment of certain techrologies in different environments, due to the
unique characteristics of each technology.

e) Technology vs. temperature (0.1%) - different technologies tend
to have different operating junction temperature ranges.

f)  Technology vs. number of failures (0.1%) - more data is
available in certain technologies, i.e., it is a sampling correlation.

g) Technology vs. observed (0.1%) - a combination of sampling and
forced correlation resulting in a spurious correlation, although it is
also true that different technologies have generally different failure
rates. This also explains the correlations of technology with 0Bl and 0B2.

h)  Technology vs. predicted (0.1%) - spurious (see g above).

i)  Package vs. number of pins (0.1%) - there is a tendency for
different package types to have certain ranges on numbers of pins but this
is essentially a forced correlation.

J) Screen class, junction temperature and application environment
(all 0.1%) - there is always a strong correlation between these three
factors, since military environments use military quality parts, and
temperature is a characteristic of environment. The orientation of their
inter-relationships is sketched in Figure 8,

21
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T — »
C

SCREEN
CLASS

TRUE RELATION

DOTTED LINES SHOW OBSERVED COKRELATIONS, THE PROJECTIONS OF
THE TRUE RELATION ONTO THE DEFINED THREE PLANES

FIGURE 8: INTER-RELATIONSHIP BETWEEN SCREEN-CLASS, ENVIRONMENT AND TEMPERATURE
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k) Number of pins vs. number of hours (5%) - probably a sampling
correlation but certainly spurious. Similarly for hours vs. screen class
(1%), which may also be due partially to more data being available in D and
D-1 screen parts. Also applies to application environment and number of
hours (5%); in addition, certain environments have typically larger
sorties or missions.

1)  Junction temperature vs. number of hours (0.1%) - more data is
available at certain temperature ranges.

m)  Number of hours vs. observed failure rate (5%) - may indicate an
overall decreasing hazard rate (since the correlation is negative) but
more specific matrices (for each technology) are required to investigate
fully, since this matrix represents all technologies combined. Requires
further investigation.

n) The observed and predicted failure rates are correlated with
most factors as expected.

0) Log1o (/%) vs. screen class (0.1%) - requires further
investigation, the implication being that the fit of the model is strongly
dependent on screen class. It should be remembered that screen class
appears to be correlated with technology on the evidence of this data and
this must also be given further consideration.

p) Logio (%/%) vs. observed (0.1%) - a requisite of the ratio
plot, i.e., as observed increases, the ratio plot increases. Similarly for

predicted with logig (%/%), (0.1%) - ratio plot decreases as predicted
increases (correlation negative).

A1l but two of the above correlations are explained, and these require
further investigation which is described in later stages of this report.

23
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(i1).The logarithm ratio plot ‘s first performed to achieve an
approximate indication of the general performance of the model. The first
ratio plot is run with technology type as the independent variable. The
results are shown in Figure 9 below.
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FIGURE 9: RATIC PLOT, AGAINST TECHNOLOGY TYPE

This plnt indicates how well the model performs for each technology but it

should be noted that some samples are very small and as such may e
misleading because of sampling errors.
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The sample size by technology is presented in Table 8 below.

TABLE 8: SAMPLE SIZES

CMOS 62 ECL 26
HTTL 23 Linears 115
LSTTL 38 PMOS 15
STTL 31 P-MNOS 2
LTTL 46 NMOS 18
TTL 95 MNOS 1

To decide which samples were significantly different from the perfect fit a
t test on each mean was performed as defined in Section 2(ii). The
following table gives all relevant statistics and decisions for each
technology. An approximate method was used to evaluate the mean and S,
since this is a preliminary analysis.

TABLE 9: TEST OF MODEL GOODNESS OF FIT, BY TECHNOLOGY

Technology Sample Mean Standard t Decision

size (n) log deviation

(.lo)p)

CMOS 62 -0.1739 0.433 +3,1€  Reject (0.2%)
HTTL 23 0.1338 0,5ui 1.28  Accept
LSTTL 38 ~-0.4230 0,282 -9.25 Reject (0.2%)
STTL 31 ~0.0535 0.574 0.52  Accept
LTTL 46 0,0624 0.449 0,94  Accept
T 95 -0.107 0,449 -2.32 Reject (5%)
ECL 26 -0.048 0.494 -2,02  Reject (10%)
Linears 115 -0.161 0.39 -0,23  Accept
PMOS 15 0.098 0.470 0.81  Accept
P-MNOS 2 —— —_— b ——
NMOS 18 -0,246 0.418 ~2.5 Reject (5%)
MNOS 1 — — —_ —_—
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Thus the mean of the samples for CMOS & LSTTL technologies were found to
have greater deviations from the perfect fit than chance would indicate at
the stated significance levels. This may be due to the model or it may be
due to some other correlated factor. This will be assessed later. At this
point the deviation has been noted and requires further investigation and
subsequent explanation. Although it is not usual practice to present all
the significant levels (one normally defines a single o« in advance) they
are given to provide additional information.

(iii) The ratio plot is repeated with screen class as the
independent variable. The resultant plot is shown below in Figure 10.
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FIGURE 10: RATIO PLOT, AGAINST SCREEN CLASS
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Table 10 below gives all relevant statistics and sample sizes.

TABLE 10: TEST OF MODEL ROODNESS GOF FIT BY SCREEN CLASS

Screen Class Sample Mean ) t Decision
Size (n)  Tog(ry/a)) '

JB 1 — —_— -

JB/B-1 4 0.483 0,533 1.81 Accept

B-1 10 0.335 0.433 2.44 Reject (5%)
B-2 7 0.276 0,458 1.60 Reject (20%)
C-1 29 -0.187 0,458 -2.20 Reject (5%)
C-2 0 — —_ - —_—

D 134 0.107 0.458 2. Reject (1%)
D-1 289 -0.558 0.416 -22,8 Reject (0.01%)

Clearly there was insufficient information on some screen classes to apply
a t test with validity. This problem is addressed further under the
detailed section on screen class (Section 3.3.6). A conclusion at this
stage, though, is that there was no evidence to show that the model was not
performing satisfactorily with respect to screen class, with the notable
exception of class D and D-1 screens. Failure rate predictions for D and
D-1 screen classes deviated very significantly from the perfect fit for
this sample of data. This required an explanation, which is given later.

(iv) The ratio plot is repeated with application environment as the
independent variable. The resultant plot is shown in Figu e 11.
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The relevant sample sizes and statistics are given in Table 11 below. ;

TRRUTX (P

TABLE 11: TEST OF MODEL GOODNESS OF FIT BY APPLICATION ENVIRONMENT

e ——— o —

Environment Sample Mean , t Decision g
) size (n) log lo(*o*p) )
Ground, Benign ik 6.119 0.568 0.76  Accept |
Missile, Ground, | ]
Benign 3 0.442 0.467 1.64 Accept |
Ground, Fixed 20 0,070 0.537 0.58 Accept ;
’ Ground, Beni ;
. Comercial 388 -0.133 0.620  -4.24  Reject (0.05%) I
Afrborne, Unin- P
. habfted (Fighter) K} 0.159 0.620 1.43 Reject (20%) i
Airborne, Inhabited
(Transport) 12 0.091 0.690 0.46 Accept

The only significant departure from the perfect fit was exhibited by the
Ground Benign, Commercial (GBC) environment. This consistently predicted
: higher than observed. Again an explanation is required.

3.2.2  Review of General Analysis. Combining the information in
hand gave preliminary information as to where the model accuracy was
unsatisfactory.

Very poor model performance was exhibited by D-1 screen class data, by
LSTTL technology data, ana by GBC environment data. The correlation matrix %
showed a correlation between screen class and environment; hence the
observations could be from the same cause. Close inspection of the data ’
confirmed this since all LSTTL data was GBC/D-1. To identify which factor
was the cause, the GBC environment, D screen class data was considered and
found not to follow the GBC/D-1 trend. The inference is, therefore, that
the screen class was the cause. The inference is supported by the
correlation matrix where screen class was identified as the only
significant factor. Strictly speaking, an analysis of variance should be
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performed on D and D-1 data for two different environments to fully confirm

the inference; unfortunately, not enough data was available in any other
environment for D and D-1 screen class.

The findings of this general analysis were therefore that the Tg
factor required re-evaluation for the D-1 screen. Currently it is assigned
a value of 35, which is too large. Whether this was due to the particular
sample of data is not known. There is a possibility that the parts were
burned-in and screened after procurement since this would have the same
deleterious effect on the goodness of fit of the model.

Before performing a detailed analysis the Tq factor required
correction because the bad fit interfered with the analysis. It should not
be inferred that a change in MIL-HDBK-217C is recommended or that the same
effect would be noted in all data. This correction was effected by forcing

the mean of the D-1 screen data through the line of perfect fit.

Considering D-1 data only,

Let 91 be the mean log1g (Ao/%p) for technology 1.
Let 82 be the mean log10 (X9/%p) for technology 2. .

In general,
Let B4 be the mean log1o (Ao/Xp) for technology i.
Let n] be the sample size for technology 1.

Let n2 be the sample size for technology 2.

In general,

Let Ny be ihe sample size for technology 1.
Let the total sample size be N.
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is the weighted geometric mean of 1logjp (Xo/%p)- (When dealing with
ratios, a geometric mean is preferred.) Evaluating o from the data in

Table 10 gave 0.558. Since " is a multiplier in the MIL-HDBK-217C model
(Ref. 2), the adjustment is made by finding p™Q.

Hence, the adjusted mq for D-1 screen was 0.558 x 35 =~ 19.54

Strictly a least squares fit should be used to optimise mq. The weighted
geometric mean technique will optimise only approximately but was quite
sufficient for the purposes of this study and was considerably quicker in

synthesis. The Tq factor for D data was not adjusted since it did not so
severely hamper the investigation.

3.3 Detailed Analysis.

3.3.1 Data File and Program Options. The data file was updated to

include the adjusted nq factor for D-1 screen class devices. Corresponding

adjustments to log1o (/Ap) were made. A family of correlation matrices
erd ratio plots were run to

fluctuations.
technologies

identify those factors causing model
The data were first separated into technologies. For two

there was not enough data to apply the correlation
matrix/ratio plot method and these were given special considerations

separately. The two technologies were P-MNOS and MNOS. Then for each of
the other ten technologies the following options were selected:

31
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(1) A correlation matrix for each technology after adjustment of
s giving a total of ten matrices.

(i) Two ratio plots with complexity as the independent variable,
one p]ot‘before adjustment of 7q and one after adjustment.

(iii) Two ratio plots with application environment as the
independent variable, before and after adjustment.

(iv) Two ratio plots with screen class as the independent
variable, before and aiter adjustment.

(v) Two ratio plots with junction temperature as the independent
variable, before and after adjustment.

Options (ii) to (v) give a total of eiqhty plots and a number were included
in this report. The correlation matrices are included in Appendix B and a
summary of the salient points is aiven in Table 12. The table shows which
factors were correlated with log1g (Xo/Ap) by asterisks, whose legend is as
before. In addition, a plus (+) indicates positive correlation, a minus
(-) indicates negative correlation. ™,

The positive correlations of log1p {*o/Ap) with observed in all cases
and the negative correlations with predicted in some cases was simply due
to the method used, i.e., log1g (ro/Ap) was forced to correlate with both
observed and predicted.

The other correlations are considered in detail in Sections 3.3.2 to
3.3.8.

A selection of ratio plots, particularly those referenced in this
report, have been provided in Appendix C. Their consultation is not
essential to understanding the text but they considerably enhance an
understanding of the points made and the data generally.
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TASLE 12: FACTORS CORRELATED WITH MODEL FIT qum xolap)

Tech, Complexity P%;::ge ¢ pins ?:‘1::::" g:c::m:: g:;:fion Faigug:s Observed | Predicted
CMOS .. . * . e "y g e
HTTL . - L Lt A
|- LSTTL w4
i- STTL vy -, .4 ",
| LTI ‘ ey ey e ww e o4 e oy - L
m o * . e . v, e |
ECL ey ..
Linears | *** - LN .. e, o _
PMOS * s
1
NMOS *. . 4 e,
i

LEGEND: * Correlation significant (5%) ?
** Correlation highly significant (1%) l

*** Coprelation very highly significant (0.1%) 1

|

!

F

- Negative correlation
+ Positive correlation

The factors influencing the model performance are now considered one :
by one in detail. The order in which they are considered is chosen so that ;
inferences accumulate logically. In this way it is hoped to provide a |
readable account of a complex decision process. Additional ratio plots
were run as necessary for specific investigations, and these are defined in

each section. The relevant ratio plots are referenced at the end of each
section.
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3.3.2 Package Type. A ratio plot for all data with package type as
the independent variable was run. This plot shows that there were no
qgeneral problems with the package complexity factor C3.

The correlations of logig (Ao/Xp) with package, noted for CMOS, LTTL
and NMOS are predominately sampling and forced correlations. It is
possible that.the values for C3 in some cases are not truly optimal for the
population but there is no evidence in this data to reject the current
package complexity factor tables, wholly or partially.

Ratio Plot 1

3.3.3 Number of Pins. The number of pins affects both the package
complexity factor C3 and the estimated junction temperature Tj. Hence, any
fluctuations in model performance with number of pins could affect both C3
and Tj. A ratio plot was run for all data with number of pins as the
independent variable. This plot shows that generally there are no serious
problems with the model with respect to number of pins. Correlations
previously noted in TTL and NMOS data appear to be forced.

Ratio Plot 2

3.3.4 Number of Failures. A strong correlation here would indicate
an increasing or decreasing hazard rate. Although correlations are found
in HTTL and LTTL data, there is not enough information to adequately assess
the hazard rate. However, an indication is possible and an example is
given in Figure 12 for TTL data. This graph shows how the failure rate
estimate typically varies with number of failures per record (r); clearly
this effect is simply due to the central limit theorem, (See Section 4),
since the variability at low r is much greater than at r in excess of about
12. A running mean in steps of 5 on the r axis is shown by a dotted line,
and a further smooth of that line (using the median of three) is constant
at a value of i which coincides almost exactly with the maximum-1ikelihood
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estimator of A. Since the final smooth is extremely powarful, nct too much
emphasis should be placed on its constancy, but it provides reasonable sup-
port for the exponential (i.e., constant 1) model, for the data used here.
Not all data sets are as well-behaved and some appear to have qgn-CQQ§taht
hazard rates initially but there is not enough data to confirm this.

Note that the data for smaller r probably give rise to the more
extreme points in the ratio plots, and this is confirmed by reference to
the correlation matrices where r is often correlated with logio (Rollp)-

The distribution of time to failure is considered analytically in
Section 4.

3.3.5 Complexity. There are three correlations with complexity,
namely in STTL, CMOS and linear technologies. The correlation for STTL
data is found to be spurious since it is the result of a couple of rogue
points. The remaining two correlations are noted in CMOS and linear device
data. Reference to the relevant ratio plots shows that there is indeed a
definite although gentle slope in each case. A moving average is super-
imposed by hand with a continuous line. The trend is emphasized by the
dotted line which is a simple smooth of the continuous 1line. Both
technologies are seen to exhibit optimistic predictions for small
complexities (since logi1p Ao/2p > 0) and gradually move to pessimistic
predictions at higher complexities. The perfect fit appears to be in the
region of 25 gate complexity. It is worthy of note that the temperature
factors for both CMOS and linear devices (but no other technologies) are
estimated from the same table in MIL-HDBK-217C. While this would not
directly explain the model dependence on complexity, there may be a complex
relation between temperature and complexity. This is quite feasible for
CMOS data where a simble correlation between temperature and complrxity is
found (significant at 1%). For linear device data, however, such a
relation is less likely with almost zero correlation between temperature
and complexity.
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Overall the fit of the model with respect to complexity is good, and
although a strong correlation is found between the ratio plot and
complexity, the magnitde of the associated errors is small. Summarizing,
there is high correlation with low bias. Any improvement to the model
would be slight and this would have to be traded off against the time
involved in recalculating the tables and the possibility of degrading the
model in other areas (hereafter referred to as the domino effect).

If the improvement were considered worthwhile attempting, the
complexity table (Cl & C2) for linear devices is independent of any other
technology and therefore could be easily adjusted. For CMOS, the
complexity table applies to all MOS technologies; hence its adjustment is
not so simple and would probably necessitate a break out into separate
tables for each variation of MOS technology.

” . - Ratio Plots 3& 4

3.3.6 Screen Class. Correlations noted for CMOS, STTL and LTTL
data are forced (CMOS, LTTL) or due to rogue points (STTL) and as such do
not indicate a trend in model goodness of fit with screen class. It is
still of course possible that individual screen class data may not be
adequately modelled. A ratio plot of all data with screen class as
independent variable was run. As expected, D-1 data is now well modelled
with very little bias, confirmed by a t value of 0.022 (not significant).
The remainder of the screen classes are of course unaltered from the fits
defined by the t values of Section 3.2.1 (iii) Table 10.

mq for D screen class has not been modified in study since it was not
as badly biased as that for D-1. Nonetheless, a significant deviation from
the perfect fit is noted with predictions tending to be optimistic. Since
the majority of D screen class components are linear devices, the domino
effect in all other technologies would be expected to be small. In linear
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# devices, the effect of a modified Ty for D screen would result in a

‘ virtually perfect model. Numerically the ideal value for 7q on the sample
oy data would be in the region,of 20.

Ratio Plot 5
- atio Plo
;{ 3.3.7 Application Environment. The correlations noted for SiTL,

LTTL, TTL and linear devices are either forced or due to rogue points.
They do not signify a general trend in model performance with respect to
A environment. The tendency for Ground Benign, Commercial data to exhibit
extremely pessimistic predictions has been corrected by adjustment of the
mq for D-1 screen parts, with which there is very high cocrelation. The t

value for GBC data is now 0.021 which is not significantly different from
- the perfect fit.

- Ratio Plot 6
% 3.3.8 Junction Temperature. Negative correlations are noted for
%; CMOS, LTTL, TTL and linears. The first three are significant at the 0.1%
i level and the fourth is significant at the 5% level. Reference to the
§ corresponding ratio plots confirms that there is a definite trend with
?ﬁ junction temperature. There are a number of possible reasons for this
ﬁg effect and it is not possible to isolate a definite cause (or causes)
35 statistically. Pessible causes will be reviewed. Reference to ratio plots
by 7, 8, 9 and 10 illustrates the following discussion.

}g The first possibility is that the temperature tables used to evaluate
%i | the 7 factor are in error. The tables are derived from

3 .

- Y — - (1)

)2 "T = 0.1 exp ﬁj + 273) 298 R ¢ o

:

%? For LTTL and TTL data the slope and location of ™1 are apparently
F: incorrect. For (MOS and linear device data, the slope only of m is
4
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apparently incorrect.

selective sampling by temperature on a ™1 curve having an incorrect slope.
This possibility is illustrated by the sketch below.

e e e e e
e e s e e —

This may be at least partially attributable to

L0Gy (Xolxp) AGAINST Tj

APPROXIMATE RAT1I0 PLOT
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I i
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! !
{{* ' JUNC, TEMP i (%)
Nl i =
o 16 L s s
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| t

e LINEARS 85 |
l35 J
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FIGURE 13: EFFECT OF SAMPLING RANGE

Care is required in any " adjustment to insure that the population (rather
than the sample) is modelled in this respect.
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The second possibility is that the mou>l for estimating Jjunction
temperature may be inaccurate. This model is ¢iven by:

Ty = Tc +6jc P
where
T§ = the_junction tefiperature
Te = the case temperature
@jc = the junction to case thermal resistance
P = the worst case power dissipation

Te in turn is estimated directly from the environment according t» 2
further tabulation. Any errors in the estimation of Tj would affect the
subsequent evaluation of ™7.

A final possibility is that there is partial complexity denendence as
noted in Section 3.3.4. Such a temperature/complexity correlation is
found in CMOS data only and is therefore considered unlikely in general
although it could well be a factor in the CMOS model alone.

Summarizing, a strong temperature dependence of logjp 4e/*-) fis

found in certain technologies which is due to either one or a comb3. .tion
of the following:

(1) The 1 equation (1) may be inaccurate, or the data to which it
was fitted may have been biased.

(i1) The Tj estimation formula may be inaccurate.

(iii) Correlation with some other factor such as complexity may
exist and degrade model performance.
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Statistically there is no means of deciding with certainty which of these
possibilities is the cause, although the correlation matrices tend to rule
out (iii). Considering (i) and equation (1) above, A is the equivalent
activation energy divided by Boltzmann's constant.

The equivalent activation energy Eea is used to show that the failure
rate of a particular device type exhibits essentially the same temperature
dependence as a device failing due to only one failure mechanism having an
activation energy Ea=Eea. Since an activation energy Ea may only be
associated with a specific mechanism, when speaking of the temperature
dependence of failure rate of a device failing due to the cumulative
effects of several mechanisms, it is .reasonable to express the gross
temperature dependence of failure rate for that device in terms of an
equivalent activation energy Eea. It should be understood that while Ea is
a constant, valid at any temperature, Eea will be approximately constant
only for a limited temperature range. For many circumstances, the concept
of equivalent activation energy provides a simple, convenient means of
expressing the temperature dependence of failure rate for a variety of
semiconductor components operating at "typical" temperatures.

It is possible that the equivalent activation energy was inaccurately
assessed but there is no new information to justify changing it. Even if
it were possible to justify increasing the equivalent activation energy,
the resultant shift in ™ values would be small and furthermore would not
correct the slope of the n del with respect to Tj.

This is illustrated in Table 13 which gives a comparison for LTTL data
between the current model and the model with an equivalent activation

energy increased by 0.05 eV. The record number refers to the data line in
Appendix 1.
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TABLE i3: LTTL OATA WITH OIFFERENT ACTIVATION ENERGY (E“) ASSUMPTICN

i
|
!
‘ Pecord Complexity Screen Environment Current Prediction with

4 przdiction [ncreased €, ..
i 24
) 16 2 0 AlT 0.320 0.326
i 17 2 0-1 G8C 0.112 0.3
! 35 3 0 AIT 0,330 0.336
i 36 3 g-1 &8¢ 0.112 a.117
; 53 4 ] AlT 0,340 0.340
f 54 4 01 GBC 0,112 0.113
55 4 g-i " 0.117 0.119
72 5 D-1 " 0.117 0.120
. 86 6 0-1 " o.n? 0.115
1 87 6 0-1 - " 0.123 0.122
104 8 0-1 " 0.123 0.121
108 8 D-1 " 0,128 0.129
n7 10 0-1 “ 0.134 0.137
126 12 D AIT 0.360 0.367
127 12 0-1 GBC 0.123 0.121
. 128 12 D-} . 0,134 0.133
] 139 14 -1 " 0.134 0.138
{ 140 14 0-1 " 0.173 0.162
146 15 D) " 0.140 0.143
! 154 16 -1 y 0.162 0.163
] 165 17 D-1 - 0.162 0.167
: 172 18 D-1 " 0.162 0.163
‘, 179 19 0-1 " 0.167 0.172
185 20 0-1 " 0.154 0.164
186 20 0-\ " 0.184 0.19N
136 24 0-t " 0.201 0.216
201 25 0 AIT 0.780 0.677
202 25 0-1 ¢8C 0.151 0.152
203 25 0.1 " 0.173 0.179
209 27 0-1 " 0.179 0.181
216 30 0-1 v 0.179 0.186
223 kKk| D-) " 0.179 0.184
230 16 0-1 " 0.184 0.196
238 7 0-1 " 0.162 0.109
240 38 D-1 " 0.20} 0.209
246 40 0-1 " 0.201 0.21
253 45 0-1 " 0.19% 0.204
266 48 0-1 " 0.184 0.188
272 50 D-1 " 0,201 0.209
275 5 0-1 " 2.195 0.201
282 54 0-1 " 0.207 0.212
295 59 0-1 " 0.218 0.2
298 60 0-1 " 0.113 0.327
307 65 0-1 " 0.218 0.230
n 16 D-1 " 0.212 0.244
181 64 0-1 " 0.318 0.347

It is easy to explain mathematically the table results by considering the
effect of 7y on the prediction. This is derived analytically below to show
how a change in ™ can have a small effect on the overall model, numeri-

cally.
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The prediction model is:

Ap o= T [C1 T 7y + (C2 + C3) TI’E] ™ {Ref, 2)
[~

Y = the device failure rate per 109 hours

Qg = the quaiity factor

"t = the temperature acceleration factor

Ty = the voltage derating stress factor

e = the application environment factor

C] and C2 = circuit complexity factors

C3 = the package complexity factor

M. = the device production learning factor

For the LTTL data used, "L = 1 and Ty = 1.

Hence, %p = g [Cl '+ (C2 + C3) "E]

If Ap is to be adjusted by a factor of C, to Apl by adjusting ™1 to 7Tl.
}\pl = T C1 ‘HTl + (Cz + C3) " ™

Putting Mg C1 = A and (C2 + C3) ™ 7q = B

Then Apl = A7l +8
and Ay = AT +B
but )‘pl = C“p

so A %l +B =C(A T +B)
o= grpa BEY

which gives a simple means of calculating "Tl given C.
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If we assume for a first order approximation that A and B are of the
same order, then

& ml 2 ¢ oe (-1

>. So

; 'nTi & c(“T+1) "1 ooo.oo.ooo.oo(Z)

g; Hence a 50% increase in ™7 will only induce a 25% increase in *p. This
_;j approximation was used in quickly assessing various options for 77

adjustment. Tt was found to give very good approximations.

s, W ook S om R D e D
ARG TR T

Hence, the.small change in the predicted values in Table 13 are

explained, and a simple formula for assessing any other proposed options on
T adjustment is derived.

2
e
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Returning to, the temperature model, the second term in the brackets of
equation (1) is 798 and this is simply a standardization of 250C which has
no effect on model accuracy. It is possible that the premultiplier of 0.1
is in error; this could only be assessed by a regression analysis.

The first bracketed term is 1/(Tj + 273). Given that the ratio plot

1 is of negative gradient, then the model gradient is too high.
k. . . 1 1

a Equation (1) gives ™ = 0.1 exp | -A T+ 273 " 798

& J

¥ s ) 1 1

& Substituting x = -A 73*;7773- " 798

f "T = Oolex
B Differentiating to find the slope expression, at x

dn

;: T _ X

9 -a;- = 0,le

b Note that decreasing either the premultiplier or the exponent (or a
g combination) will have the desired effect on the slope.
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(i1) Tj is estimated from the following expression:

Ty = Tc +6ycP
where
Tc = case temperature
0Jc = junction to case thermal resistance
P = worst case power dissipation

Tc is itself estimated directly from environment as below:

-
. e’ 60 |35 [ 40| 55| 60 [60 |65 95 | 8060 |95

0gc is itself estimated directly from package type and number of pins.

Clearly any inaccuracy in Tj estimation would change the slope and position
of the predicted model.

It is unlikely that such a strong temperature dependence as shown in the
ratio plots would have been left in any model constructed by least squares
regfession analysis. For this reason it is suspected (though not proved)
that the errors are due to the exponent in equation (1) rather than the
premultiplier. Any such exponent error is most '‘kely to be due to the
method of junction temperature estimation, as shown earlier. The severity
of inaccuracy in the model due to temperature and subsequent decisions as
to adjustment of ™1 values is considered later, for each technology
separately.

Ratio Plots 7,8, 9& 10
3.3.9 Special Considerations. Some factors are not considered in

the methods so far used, either because of a lack of data or because their
effect is too small to be detectable.
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(a) Programming Technique Factor TpT, For many programming
technologies, ™pT is 1.0 and the implication in such cases is that the mode
of programming has no effect. There is not enough comparative data to
check this value of 7py. Although the same problem exists for all the
data, where TpT is not 1.0 it is possible to evaluate the effect on the
overall failure rate. For some data on device 53000, Tpr for NiCr
programming is 1.08 and hence adds 4.3% to the prediction. For the C2708
EPROM the programming factor for UV eraseables is 1.56 and adds 53.4% to
the prediction. The large difference is due to the possibility of
accidental erasure and the relative newness of the technology. In view of
the shortage of relevant comparative data it has to be concluded that there
is no evidence to dispute the current TpT factors. A1l that can be said is
that pT appears to reflect the expected trends.

(b) Static/Dynamic RAMS. The data collected is limited, but a few
data points allow direct comparison between static and dynamic RAMS.
Parametric statistical tests are not valid on this amount of data with
fourteen failure rate estimates, five for static and nine for dynamic. For
both 1K data and 4K data, Wilcoxon's rank sum statistic shows that there is
no signficant difference between static and dynamic failure rates. The
complexity factors reflecting static and dynamic failure rate are so small
as to be undetectable with the amounts of data available to this study.
Therefore, no significant difference is expected. Although the actual
numerical values of the static/dynamic factors cannot be verified, there
is no evidence to reject their validity.

(c) PMOS and NMOS Technologies. Because of a worse than general lack
of data, these two technologies are considered separately as follows. NMOS
predictions are consistently pessimistic as shown in ratio plot 11. Part
of this bias is certainly due to the majority of the parts being of D
screen class, but this does not explain all the bias. It is quite possible
that NMOS devices are not yet adequately modelled and this will be a
function of complexity (consistently high in NMOS devices). A learning
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curve in production may also be indicated to a greater degree than was
modelled. Whatever the reasons, the data are inconclusive and a more
reliable model is not pussible without more data. To a lesser extent, the
PMOS models are not yet adequate but here the bias is the other way
(optimistic), and the bias is not so high as ¥or NMOS nor is it so
significant. Although special efforts were made, not enough data was
available to evaluate the P-MNOS and MNOS models.

4 3.4 Model Evaluation. Since the model performance varies with
technology, the model for each technology is considered in this section in
the light of the inferences made so far.

The t - statistic for the mean logig (2o/Ap) is re-evaluated with ™
adjusted to 19.5 for D-1 screen class data. Table 14 summarizes the
results. The final column gives a set of possible decisions and evaluates
their significance levels, a. These calculations are exact, and the
earlier approximation method is not employed here. The goodness of fit is
illustrated in ratio plot 11.

TABLE 14: TEST OF MODEL GOODNESS OF FIT BY TECHNOLOGY. q ADJUSTED

n Mean 1og]0 (10/;p) 3 t Decision

f CMOS 62 -0.022 0.413 -0,419  Accept
HTTL 23 0.183 0.420 2.090 Reject 5%

’ LSTTL 38 -0.100 0.319 -0.319 Reject 0.1%
STTL 3 0.152 0.451 1.874 Reject 10%
LTTL 45 0.210 0.422 3,370 Reject 0.2%
TTL 95 0.043 0.431 0.969 Accept
ECL 26 0.084 0.421 1.015  Accept
Linears 115 -0.053 0.376 -1.512 Reject 20%
PMOS 15 0.238 0.359 2.568 keject 5%
P-MNOS 2 - ——- -~ Accept
NMOS 18 -0.288 0.450 -2.700  Reject 2%

| MNOS ] - .e- -e- Accept
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For those technologies showing any significant overall departure from the

perfect fit, by this test (significant being taken as o = 2%%) the results
are summarized as follows:

LTTL nigh bias and highly significant
LSTTL  high bias and highly significant
NMOS high bias, significant

A1l others have insignificant, medium to low bias.

The LTTL bias is found to be temperature correlated, and there are
other factors considered to be less influential as defined earlier in the
report. The LSTTL with consistent high bias is found to be otherwise
uncorrelated with the factors in the wmodel. This could indicate an
inaccurate model or simply a biased sample.

The overall error (and hence the t - statistic evaluated) may be
sample dependent and this at least partially accounts for LTTL exhibiting
high bias. LTTL data is all sampled between estimated junction
temperatures of 300C and 600C. Because of the slope of the curve, a more
fully represented temperature sample would exhibit considerabiy less bias.
This was further illustrated in the sketch of Figure 13. Such sampling
error should be standardized, or at least acknowledged, in any model
adjustment.

If the temperature factor is in some way the major cause (and the
evidence for this 1is strong) then a "reshuffle" of ™7 tables for the
technologies worst affected is not recommended, since the slope with
respect to Tj would remain the same. The required 71 adjustments may be
quickly estimated from equation (2), i.e.,

> C(r+1) -1
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although strictly a 1least squares analysis should be performed to
optimize.

The penalties would be possible domino effects.
4. DISTRIBUTION OF TIME TO FAILURE

Information on the time at which each failure occurred is not often
available. Most data is in the form of a certain number of failures in a
certain time. Consequently the distribution of time to failure (TTF) is
very difficult to assess. It should, however, be considered in any
evaluation of MIL-HDBK-217C, since the models therein assume an
exponential distribution by virtue of the constant failure rate
assumption.

The only way to tackle this problem is to set up some null hypothesis
and review it in the light of the data. Hence, we set up the null
hypothesis that the data is exponential (against the alternative that it is
not).

Under the null hypothesis, the TTF distribution is f(t) = re-At

where

the failure rate
time in part hours

therefore the distribution of time to rth failure is straightforward to
derive and is given by

“At .r ,r-l
glt) = ——T-—e Aot
r

where ]?rrepresents the gamma function.
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Since r itself has a distribution, the distribution of the type of data
used in this study (see Appendix A) is given by a joint density function
involving t and r. The largest group of data (TTL, GBC, D-1) was evaluated
using a Monte Carlo simulation. The program simulated the joint density
function and gave a Kolmogorov-Smirnov (K-S) statistic for the data, under
the null hypothesis.

For the TTL, GBC, D-1 data, the K-S statistic with 30 degrees of
freedom was found to be 015, which is found to be not significant. Hence
it is concluded that the exponential assumption is not rejected by the data

available. A fuller description of the simulation and statistical theory
is given in Ref 5.

5.  DATA SHORTCOMINGS

A major problem in constructing statistical models is always the lack
of adequate data. The military data collection system can readily supply
maintenance data in large quantities, but obtaining such data for a
particular equipment or component over a large period of time (typically,
in excess of eighteen months) is difficult. In addition, in many cases the
data does not reflect the quantity of parts replaced on printed circuit
boards, neither does it identify those parts. Hence, more depot
maintenance data would be invaluable (as opposed to Tine and shop
maintenance data). Another serious shortcoming is the lack of recorded
operating time. Maintenance personnel are given provision on the
appropriate forms to record operating time but are not required to fill
them in (by directive). Thus, operating times have to be derived by tracing

the using commands. Recent changes to the Navy system augur well for future
work.

6.  SUMMARY

The factors influencing the goodness of fit of MIL-HDBK-217C
prediction models are assessed. Although it dis not possible to
scientifically separate causal factors in every case, areas in which the
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Since r itself has a distribution, the distribution of the type of data
used in this study (see Appendix A) is given by a joint density function
involving t and r. The largest group of data (TTL, GBC, D-1) was evaluated
using a Monte Carlo simulation. The program simulated the joint density
function and gave a Kolmogorov-Smirnov (K-S) statistic for the data, under
the null hypothesis.

For the TTL, GBC, D-1 data, the K-S statistic with 30 degrees of
freedom was found to be 0.15, which is found to be not significant. Hence
it is concluded that the exponential assumption is not rejected by the data
available. A fuller description of the simulation and statistical theory
is given in Ref 5.

5.  DATA SHORTCOMINGS

A major problem in constructing statistical models is always the lack
of adequate data. The military data collection system can readily supply
maintenance data in large quantities, but obtaining such data for a
particular equipment or component over a large period of time (typically,
in excess of eighteen months) is difficult. In addition, in many cases the
data does not reflect the quantity of parts replaced on printed circuit
boards, neither does it identify those parts. Hence, more depot
maintenance data would be invaluable (as opposed to 1line and shop
maintenance data). Another serious shortcoming is the lack of recorded
operating time. Maintenance personnel are given provision on the
appropriate forms to record operating time but are not required to fill
them in (by directive). Thus, operating times have to be derived by tracing
the using commands. Recent changes to the Navy system augur well for future
work .
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models are deficient are identified and quantified. Possible causes are
reviewed and the most likely causal factors identified. Where positive
inferences are possible, a range of statistical methods are used to give an
unbiased assessment. The underlying distribution of time to failure is
investigated since MIL-HDBK-217C assumes a constant failure rate model,
and this, if not vindicated, could induce considerable error into the
predicted failure rate. Results suggest that no great error will accrue
from such an assumption although it is not always strictly valid.

The statistical methods developed for this study may be used for
future model evaluation whenever an unbiased assessment is required. The
correlation matrix/ratio plot method may be used iteratively to construct
an optimal model but least squares regression analysis is preferred. The
ratio plot method allows empirical confidence intervals on predicted
failure rates to be readily evaluated.

7.  RECOMMENDATIONS AND CONCLUSIONS

The degree of acceptable error in MIL-HDBK-217C models has to be
defined. Once this is done, the areas for improvement are discussed in this
report. Depending on the accuracy required, the outstanding areas of poor
model performance as identified by this study are:

(a) T for D-1 screen class. Note that this could well be due to the
particular sample taken and inspection confirmed that the components had
undergone in-house screening. Additional information probably in the form
of more data from diverse sources is desirable. At the time of writing it
is understood that MIL-HDBK-217D will allow the use of a D factor for
plastic encapsulated devices which undergo burn-in and temperature cycling
and a high temperature continuity test.

(b) Tq for D screen class. The perfect fit would be realized by a T
of about 20 which is not drastically different from the current value of
1705'
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(c) ™ for CMOS, LTTL, TTL and linear device technology is found to
be correlated with poor model fit although only LTTL shows significant
bias. For LTTL the bias is large but partially sample dependent. This
dependency of model performance on Tr is most probably due to the method of
estimating junction temperature although other contributing factors are
| not ruled out (as discussed in the main report).

A
R

(d) LSTTL and NMOS models. The poor fit observed in these
$ technologies is not apparently correlated with any particular factor or -
factors. For NMOS there is clearly not enough data to adequately define a ;
model, although what data there is statistically rejects the current
model. For LSTTL the model is very poor; there is a possibility that this
is due to the sample collected but there is no evidence to support such a
possibility.

The microelectronic device section in MIL-HDBK-217C is divided into
the foilowing broad categories and it would be as well to summarize the
conclusions in that format also.

(i) Monolithic Bipolar & MOS Digital (SSI/MSI). The performance of
this model is illustrated in ratio plot #12. Overall there is very little
bias although some complexity dependence is indicated with logjg (Ao/lp)
decreasing as complexity increases up to about 70 gates.

(1) Monolithic Bipolar and MOS Linear Devices. The overall
performance is satisfactory but again there is some complexity dependence,
as illustrated by ratio plot #4. ;

(ii1) Monolithic Bipolar and MOS Random Logic LSI and Microprocessor f
Devices. There is less data available to validate this model but the ‘
results do show negligible bias with ten points above and ten points below 1
the line of perfect fit. The data are plotted in ratio plot #13.
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(iv) Random Access Memories (RAMs). Again, a clear complexity
dependence is illustrated (ratio plot #14). More specifically it would
appear that 4K RAMs are not adequately modelled.

(v) Read-Only Memories (ROMs) and Programmable Read-Only Memories
(PROMs). Ratio plot #15 shows that there.is not enough data to properly
evaluate the ROM and PROM model.

It may be desirable to construct confidence intervals on a prediction
based on MIL-HDBK-217C. At the component level this can be appreciated by
looking at the relevant ratio plot and observing the scatter. Numerically,
it is possible to estimate the variance in the data since it is normally
distributed about the line of perfect fit. This then allows a confidence
interval on the mean to be set up in the usual way and a simple
transformation will allow an interval on the predicted failure rate. An
exact method for calculating confidence intervals has not been devised but
may be the subject of future work.

At the system level, clearly the central limit theorem will dictate
that confidence in predictions increases with the number of components in

the system. Again this has not been evaluated but :ay be the subject of
future work.

The most widely voiced criticisms of MIL-HDBK-217C appear to be in
connection with its ever-increasing complexity and with errors of
estimation in MTBF's, logistics requirements, etc. These two complaints
are approximately equal and opposite but do not cancel out. However, both
are quite valid and as such the following points are emphasized.

The prediction models provide an accurate means of assessing relative

failure rates. These are of prime use in reviewing options and costing
trade-offs. If absolute failure rate (or MTBI) is required, then other
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factors should be taken into account; in particular, the variability in the
data should be included in the prediction. The most popular of the
available means of expressing the variability in a parameter estimate is
some form of confidence interval. These may be constructed either from an
assumed distribution or the data directly. Estimation from distribution
theory is not entirely satisfactory in view of the variability found in
this study. It is recommended that future editions of MIL-HDBK-217C should
include some form of confidence interval estimation procedure, based on
the data.

When the prediction model is found to be too complex then MIL-HDBK-
217C, Part III is included as an alternative. This method is of course not
as accurate. It is probably true that statistical theory would not fit as
many parameters as are fitted in MIL-HDBK-217C, nor would it regress on a
set of variables which are themselves correlated (in practice, some
dependence is inevitable). However, where two such variables (e.g.,
junction temperature and application environment) are found to both have
significant effects there is really litile option given the user needs.
Additionally a priori knowledge on influential factors was available. It
could be worthwhile to investigate a simpler model and compare its accuracy
with MIL-HDBK-217C Part II and Part III models.

Clearly the major problem, as with many statistical models, is a lack
of adequate data. Many industries and manufacturers are unable or
reluctant to provide reliability data. Government agencies and the
military, while co-operating with data collection efforts, are often
hampered by inadequacies of the current maintenance data collection system
or lack of clear directive with respect to reliability data.

Although there are many problems in adequate estimation of
reliability, the results of this study provide a clear analysis of the
performance of the predictive models of MIL-HDBK-217C. The models
generally stand up well to recent data in the categories for which data is
available.
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APPENDIX B

CORRELATION MATRICES
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§.0CCCE CC
1.coccz €l
t.l6lst N
7.6173L 01
2.ce60e c1

+ 20C0E~C1
1.27¢0C 20
f.78008 GO
4.86CCC-C1L
1.1C3¢EE 00

1.Cco
€.532

-Ool'a"."

=G.35C

~0.491

{

f.c

N4

C.3

Q.1

€]

CC
¢

C4

12

5,372 <G, 141

<C. 113

G.5

46




=2

— g Ao
OV YNA S W=D

Laecy
cer
e
\PIS
3

fFAL
el
os
0ox2
PRLD
e
COPL. UATRIZ

CORPELAS "CN MATRIN

LSTTL

GEAN STD-LLV

3c.e158 35.4834
3.23¢¢ 0.8198
15.6316 2.010
46.2105 3.3684
EnS 195.3143 357.3795
26.8421 52.7162

€.1029 0.0853
C.1774 0.2636
0.3292 0.75¢C

.19322 0.06£3
-C.1963 0.3178

(3 t 4
(i

0.317 0.250 1.000

C.446- 1.000

~0.325 -0.157 -0.267 <0.277

«0.243 <0.238

=0.C20 0.117 0.267 ¢C.169

0.205 0.532 0.393 C.439

0.249 0.612 0.32& 0.479

00621 - 00905

t 1y t 2]
t 91 (10
{ L)
1.c60
[ 2}
0.573 1.000
t 3
(&
0.79¢ 0.5
{9
{ 6}
«0.306 ~0.14$
{7
el
fs)
1.0C0
{1¢)
G.213 0.583
0.45 1.0(0
{1

-C.217  0.1l4
C.532 -0.104

0.C65 «0.052
1.000

Sepee
(37 o

« L.OCOCE 00
3.070CE co
1.4C0CE Ol
4. 1COCE 01
6.300C2-01
1.cCe5L Ce
1.CCCCE~C2
3.00005-02
6.00GCL~02
1.1CC0z~0!

=G, 1292£~C1

1.0C0
0.085 1.C00

seane
. Fae

1.46C0C C2
5.CCSCE Co
2.400(E QL
5.50c0¢ o1
1.25175 03
2.75¢0C C2
3.7GCCE-CL
1.56040 CC
$.75C0E GO
J.6ccCe-01
6.63E12-C1

0.103  C.187 1.0GG

=0.06¢ ~0.046

0,738

~0.128 <0.1C3 .57

-0, 373" .003‘6

c.216 0.253

ENTER NQ. OF *X° VARS, TLEN INDEY Cr ‘Y’ VAR

FOLLCWTD CY INDL
*

B-4

0.124

0.595

1.cC0
0.976

C.41¢

0.677

B DR P,
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! cr °£.0032 3AN.8131  L.CCGOE GO 2.G4FOE 3
2 M6 3.0323 1.2776  1.006CE OC  ©.CCOCE O
2 e 15.2C65 2.6C02  1.40CCE 1 2.FCCOF O
4 se 7.4235 1.2677 2.C0PCCE €O f.CC0CC 0O
S APt $.4239 C2.014%  3.C0nCE 00 l.200rE Q1
¢ 7 81.360¢ 18,6127 :2.7Ce00 N1 1.0SQCE €2
7 ERS 65.2300 100.4722  1.40008-21  3.5823F G2
£ fFAl 12.7097 192011 L.CGOCE CC 2.4000F O
¢ c2l 0.4030 1.1006 L.C000E~C2  3.270CE CO

10 on 1.C612 2.6G77  d.0000E-r2  1,250CC CL
i 22 2.1¢19 3.5451  r.0000E-C2  2.0ennE OL
12 PPED 23148 C.2020  5.oceen-02  1.530CK CO
13 e .1321 04817 <6.0207%=01  1.12¢9% CC

cehm. PATPIX

CCREELATION LATRIX
tu 2 8 &4 (31 8 (noeg

{90 (e g 2] (13
tn
1.00¢
{2}
0.262 1.000
0.050 «C.11%  1.0C0
{ 4]
0,503 «N.0IC <0.150 L.0O0
{3
0,400 7,836 0.01F «0.327 1.00n0
{5
0.472  N.642: 0,055 «0.C4F  0.604  1.000
tn
0158 0.07€6 0.3l 0.210 0,162 0,297 1.0C0
|
‘ 1,125 0051 «0.207 0,205 <0.136 -0.255 C.f62 1.00C
9
Co308  Q.7F0  0.C18 0,271  N,86.° C(.iSC «0.200 0,120
l.rm
(ic)
04403  0.£37 0,051 0,299 0.763  Co420 0,228 <0.172
0.929 1.CCC
1ny
0,401 0.5 0,078 <0.314  2.003  C.501 00227 0.192
C.876  0.997-  1.6C0
{12
C.238  C.879  0.165 «C.lC7  Cu710 0707 £.342 £.27
CoP42  0.0743 0,842 °1.000
{133
0302 P37 0,001 <0.B8%  Uu386 «G.000 oPLIE «5,928
C.S71  N.SA1 N85 0.237  L.CcC
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VAR LAZEL LEAN
1 cer 26,0435
2 PC=- 2.9383
3 SPL 15,4348
4 sC 7.3913
s APEL 4.060%
§ TJ-- 45.1957
7 HnS 61.CG64
8 (3794 21,6697
¢ et C.27C9
i ¢ C.4217
1l oz C.5400
12 PLES c.12n2
12 Lee G.2096
CORRe ATRIN
-
CGREZLATICN VATRIS
{1 2 (3
t 9 e} (11
fu
1.000
(2
C.414° ° 1.C0C
{3
0.481 <C.C22 1.CCO
[
c.28¢ 0.607 -N.0%5
€3]
(6 -€.280 =C.6C7 0.095
0.182 «0.314 0.302
tn
-C.267 C.C3l =0.177
(<l
'302:‘ 00052 'OOZGJ
(O
C-280  w.583 <C.0I12
1.000
(1)
C.37¢ 0.703* 0.054
c.93> 1.0C0
98))
0300 C.71C- S.116
0.7¢C .55t 1.C00
it2
€.205 <C.282 0.653
-C.125  G.039  C.212
%}

c.E1¢
TLR 0. CF

0-59€ '0016!
C.7l5. . N840

Xl
By

LTTL

STC-CLV,
18,7180
0.556¢
2.0630
3147
2.5174
6.4212
105.£752
36,2122
0.3072
0445
0.7412
¢.1087

€.4227

-
—

¢
12}

1.000
=1.0CC
=1).642

C.12C

c.2C1

0. 286

0.1¢El
€.030
~0.736

1.6Cc

c.523
A3.423

B-6

e 30 AR
2.0CCCC CC 6.3COCE 01
2.CCChE 6L 4.0C00F CC
1.4C0GE 71 2.4C002 0L
7.660C0 CC £.0CCCE GO
4.LCCCE CC  1.2CCSE €1
3.100CE U1 6.CGOCOT T
1.122CE 20 §.7424E 02
1,002 o0 1.076Cz €2
1.CCCRT-C2 L1370 ¢4
6.CCCCE-02  2.67CCC CC
1.COCTE=Cl  4.520GE CC
1.10C03=Cl  7.3CCCE-CY
«7¢53342-01  (.CL43E CC
(31 3 tn ¢
(13)
t.0ce
0.642 1.C00
=G.17C «0.181 1.0
=C.201 «C.33%+ 9.217  (.CCC
~1.296 =0.436 G026 0.2
0,181 «0.272 <0.085 O0.1ll1
«2.030 =C.07S =Col€7 6050
0.736 G711l =R.266  =5.235
1.006




3
e
e

e S AT S A [k S S g e S

i

TR

N

il

RSl C AP NI b A | S s e A

VAR

WO~ NS W N e

ic
19
12
13

COTR. MATRIX

LASEL
coxp
PRG
{) 4 ¢4
sC
APEN
17
LRS
#FAL
onl
cs
or2
PRLD
106

iEAN

TTL

STC-CEV b &)

75,6526 253.7566  1.CQCOE oC

3.3808
15.4108
5.7579
5.4421
62,6632

1.29¢2  1.CCCCE CO
2.0602 1.4000F 01
1.89¢6 1.0CCCE OC
2.7472  2.00CCE CC

17,5269  3.CCOGE 01

f.an 217.7419  4.74CCE-01

16.61CS
0.2276
U.423)
G.7964
0.3324
C.0421

CORPELATION MNATRIX

{2
{3
{4
{5}
(8
(7
{8
{91

(1e}

(n

(2]

(12]

(1
{ 9

1.000
=0.172
0.109
-0.23¢
«0.070
0.029
-0.081
-G.087

-0.025
1.000

«0.032
0.893

«0.039
c.67¢

0.051
C.l48

v.072
0.536

a2 3
twey
1.000

o.198  1.000

=0.216- =0.010
0.488- 0.069
C.516 0.393
-0.108 -0.183
«0.119 =0.171
0.11% -0.066
c.28% <0.031
1.000

0.27¢  0.001
f.931  1.000

G447 0.49%:

N.324  0.418

=0.131  =00343.
0.493  '0.400

ENTER ICe OF °X° VAR

41.1684 1.00GOE CC

0.29726  1.COCCE=CE
0.5421  4.000CE=02
1.1742  8.CC00E-N2
00,3196  4.CCCCT-02
0.4323 =9.63ECE-01

t & [ 31
[y 1y
1.000

=0.394 1.000

HESS
2.0480t 03
3.0C0NE 0
2.4Cc0C o1
£.CCC2E GO
1.2000€ 01
1.15¢65 €2
1.8552E €3
J.23C0E 02
1.81COE 00
3,33CCE CC
6.32C0E 00
1.67CCE ¢
1.C16CC CC

(7

-0, 380 0.7728- 1.600

C.229 =0.187 <C.249

0.263 =0.210 =0.

9

64

«0.621 0.161 C.151

~0.235 0.357 0.3¢&

«0.360 -0.452 Q. 404

=0.302* 0.621 0.747

1.c0C

«G.002 0.6 =D.27C

«0.413 1.000

B-7

1.680
0.07¢
G .C62

(&

1.0C0
0.C14

«.163 =0.102

«G.173 <C.162

"002'-‘2 .0021:‘

c.Cn

0.163

i e————— i a0
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Ay

a %
SIDUIN DN W e

LAsSL
CCLP
PRG
LPLN
sC
pe)
YRS
frat
et
CE
er2
1 P2ED
12 LeG

CCave MATVIX

LEAN
23.8462
2.653¢
15.3246
7.4231
€0.23C8
112.5729
16.73CS
c.1€50
C.3081
0.6CCE
ou160C
©.0835

COEPELATION MATRI

(
t "

1.000

(S}
()

-0.247
3
{

4]

c.22¢

-0.£02
(3]
C.076

{ )
{7
{2

0.707
€.533
~0.162

-0 143
L.00C

ne
-C.G94
G.933

(1
C.38%
C.GAE

(e
~0.378
2.0C¢
ELTLR IC. ©

-
*

(2 13
(o] (1

1.000

~0.58¢- 1.000

0.541 <0.458

-0.055 0.21¢
«0.183 0.233
«0.13¢ C.127
«0.133 =C.127
=0.2583 ¢.03

-0.229 0.12C

1.Cc0

=0.014 0.234
¢.17¢  1.CGC

“(.224 «%.137
C.67¢ 04510

‘R0 VARS, THEN

ECL

ST2-DEV
53.84132
0.0458
0.9414
0.8566
12.3%21
214.5164
30.259)
0.1475
0.30¢6
0.7533
0.1003
0.4212

1.000
=£.128
=0.414
«0.21C

0.087

«C.044
«0.112
=0.140

C.135
1.0C0

b &
2.CCGCE 00
2.0CCCE 0C
1.400CE €1
4.GCCOLC CC
4.GCCOE 0L
1.1344E CC
1.CCCCE ¢S
2.CL0GE=02
4.CI0CE=C2
6.0CCCE-02
1.2CC0E=31

~3.27C1E-C1

1.C00

6]

«0.355 1.C00

‘OQ‘W a. 9:;

6,67 =0.151

0.370 =0.3C1

C.784° c.lCL

G118 =463

ILCES CF °Y° Yai
FCLIOLED 3¢ LILICEE €7 ALL “N° VASS

B-8

4
2.56CCE G2
6.0CCCE CC
1.60CCC CL
F.CULLE CC
2.60CG68 21
0.24CCE €2
1.48CLE €2
$.70CC08"
1.310€2 66
2.75C0E CC
5.16008-01
1.0033E €O

{7

1.000
«0.C1e
~G.16¢

~G.257

{ 8]

t.cce

c.f21

G.563

€.C74 ~C.140




Linears

VAR LATEL LEAL STCbEY R XY
{  cor 24.26¢7 18,6134  2.c6c62 0 1.0CCOE 02
2 e 5.4087 2.1860  3.0UCCE GO 1.2020C OL
3 e 10.573¢ 4.0GE9  2.COCOE €U 2.4CGCE 01
4 sC 7.2348 C.28260 3.00CCE CU  2.0¢00Z QU
5 apLs 41812 45156 l.LLCOE OC  1.LUCCE €1
¢ 13 $5.2174 1C.635%  3.SCCOE €1 ¢.6CLLE Cl
7 i2s 35.655¢  1E1.0617 1.0°SCE G 1.3300E 73
& Fat 43.7130 $5.8457  1.300CE €O $.7350F G2
? ¢l G.5054 0.3263  1.C000E-32  3.CYCLE GO
iIc ot 0.7031 C.6607  3.COCCE~02  3.4£GUE €O
1 22 1.r288 CeOAL8  9.CC00E=GZ  4.64C0Z COC
12 preEp 0.7787 C.5872  1.2CCOE~01  ©.25LCC GO
13 we «0.082¢ 0.3760 <0.0515E~01  9.5923E~C1
CCRE. [ATPIX
=
CORRELATION MATRIR
U 20 3 (4] (8 (8 ¢ n ot s
(81 cwer 1y 12 {13]
{1
t.000
[ 2]
«G.C0¢  1.C00
0.271  0.C45  1.0C0
{ 4]
~0.057 C.117 «0.153 1.600
0.112 -C.037  0.143 <0679  1.000
[ 6]
=0.007 -0.C2% ©.028 =0.S18 0.642 1.LC0
(7
=CeC31 <0.127 ~C.156  C.051 <C.C62 ~C.135  1.00C
{ &}
<0.026 -0.0S1 «0.172  0.070 <G.C6) ~5.0S%  C.540  1.CL0
{9 i
C.069 .02 G.103 0,121 <0.011 0,221 -0.C45  Qu10S
1.600
(10}
0.83  €.059 0.146  0.027 0.1C1 ©€.281 =0.162 C.012
C.987  1.0n0
(1
C.C24 o6 2.175 -0.1C7  £.238  €.337 5,235 -C.12¢
Co728s Q.93¢  {.C€CO
{12}
€.309" C.068  0.IC1 <CuC3l  Co2P2  2.46C ~2u129 =.CS6
0430+ o273 C.456 ° 1.TCO
112)

~0e239 =n.C31 =6.022 <0.034 <0.]0% =2 18T C.C3S  C.ln2
U671 C.474  0.619 «0.314  1.CCO
EXTER X0, CF *%° vARS, THEN I
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Li2EL
co:p
e
NPIL
sc
APEL
13
IRS
f5aL
051
ot
oe2
PRED
e

HATRIX

<
o e oo
N"O@“NO“.UN";

13
CORR.

SEAK
956.5333
J.6CC0
16.6667
5.5667
5.4333
5C.0¢667
56.2983
22.7333
0.6793
1.5213
2.7293
0.6240
c.2379

CCREELATION HATRIX

C.522
LTLR Y0, OF
.

ra t
{10)

1.C00
0.126
€.202
0.132
0.104
=G.298
=0.023
c.5%8
0.307
t.coc

C.439
0.966

0.263
0.7846

C.433
C.6C6

{1}

=0.208
0.633+ =0.430
0.487
=0.186
«0.190
0.183

0.2%0
0.383

1.06¢

C.027
09,782

0.511
G.€07

PMOS

STD-DLV
640.9638
2.292¢
$.9362
2.0307
3.9182
17.83¢4
128.1617
35.2279
1.2338
2.1852
3.9379
0.7687
0.3590

31 (¢ 4)
{12

1.000

1.€00

«0.067
0.251
0.474
0.371

0.227
.078
0.356

1eCC0

=0.22¢
C.C69

ol AL
1.07G0E €2 2.0CCOC C3
1.GCCOE 00  £.GLGOE GC
8.60C0C 20  2.£CCCE O1
2.C00CE 6C  &.CGCCE CO
1.CC0CE C6  1.2C%CE 01
303CC6E G!  9.6CGOE C1
3.6GC0E-C1  4.9615E C2
1.CCOCE 00  1.14.CE €2
2.GGCOE-GL  3.9/.COE OC
1.CCCCE=01  7.€SCOE CC
2.160GE-01 . 41GCE 01
8.0000L-02  3.250CE CC

«3.,23315-01  1.1252E CC
t 31 16 (11 (8
{13
1.660
0.855 1.CCC
=0.2% <0.220 1l.¢%¢C
«0.303 <0.230 C.8%2 1.CCO
0.1C1  0.2%0 =0.1%9 C.CC4
0039‘ 0.562 -0-265 0001"
00566‘ 00680‘ "00273 .60240
6.J30 0.67% <G.124 0.0C9
0.381  C.205 5,501 -0.22
1.63C

‘0% VALS, TIEN INDEX OF Y+

B-10
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g
-

LAREL
cc:p
”ne
NPIN
sC
APEX
1J
kRS
F47¥4
oLl
10 cs
u 032
12 PRED
13 LoG

CGaR. VATRIZ

VIMA AN L *

NMUS

Hean  STD-DLV
2969.2222  165. S132
3.5660 2.7062
26,7778 11.2749
7.111L 1.1312
3.8869 Goh?16
s3.1111 5.9199
63.7262  208.45C9
285.7222  S1.4681
0.5217 0.7648
1.G189 1.2373
1.9811 3.793
1.2333 0.7624
<0.2676 0.4506

CCRRCLATION NATRIX

ey
0.067
0.97s.
ny
0.09¢
c.93¢

C.682
«0.01¢

{12]

(1)
~0.237
c.77¢
ENTER N0. CF
*

ta 3y
tw gy
1.c00
~0.468+ 1.000
0.230 0.233
-0.692. 0.216

-0.114 0.6821:

«0.13) -0.143
«0.128 «0.120
-0.214 0.3720

«0.216 0.3%
$.000

-0.207 0.403
0.- 992- * -l-OGO

0.365. «0.112
c.004 0.023

-0.822: 0.532
C.740° ©.7C2

Ll
-~
-

£

1.600
=0.416
0.507
«0.623
«~0.019
0.c77

0.057
0.5
C.363

1.000

«N.216
=0.610

tD
3.50CCE c2
1.GOCOE 0C
1.600GE (1
3.cocoE cC
3.0COCE GO
3.90C0E U1
2.44CCE-CL
1.CCCOE CO
2.CCCCE-G2
1.CCCCE-D]
1.30C0E=01
1.3CCCEC)
~1.1326E ¢,

t 51t 8
{13
1.0c0

~C.266  1.0C0

0.C37 «~C.161
0.034 ~C.13?
=0.017 90.428

0.¢37  0.3%7

0.061 cC.380

~C.150 .61

0.222 0.338
1.¢00

‘X% VARS, THEN INUEX OF °Y’ Vof

B-11

RN
6.25C0E €3
€.CCOGE 00
4,COCOE O}
C+CCCCE ©C
3.0GC0E oC
€.C0CCE €1 -
9.CCOCE G2
3.51CCE ©2
2.3ECCE 6
S420CCE CC
1.75CCE ¢t
2.83C0C €O
.56 0E<C1

tn t e

1.000
0.996 '1.CCO
«G.0ES  «C.084

~0.108 «0.0%6
=0.123 -0.114

0,108 «G.0F$

GOS8 «0.082




.

13

S Sac LS CR R LWL TN

. o . T INI3
°e INId
+ dI09W
. . Ad3d
. e ees m s ok w oe .o . « 4dIG
e o o s o o s edee s o0 es o see o ev o ed-d103
.o « . . ce o3 m e o o 0w oo ce o oo oo ce o o Ad4H
e o IR RS ST “e o . 4 uey
e s mce e sesee imr e m—cmns oo o oo . < 4104
. ¢ eceece ‘ sesr o 0es mewmiecd @ wa mostees o vee o <+ dI0H
oo . . . N . . dIGWD
Y T
T o0 7

Ao/Ap
(log scale)

PKG

PACKAGE

.
.

RATIO PLOT #1

c-2




rer I B A r PN
i o

-

1

< 7

>
»

<

p

o

J%

T
i
!

RE)

N

i f

bei s,

P

S

by

& I
{
i

TS,

2R Tt RUDA UYL s W P T
. % PNT e ks

APPENDIX C

RATIO PLOTS

3,

-

ol
3

P

e
RGN ¢

PRI
0 4
et 4
i
P
REN
¢ 5o

A
" R
S
nt\rA.‘
S
. ]
Lo

A
;

N
“
N
3
. "
¢
v, %
ER
W




T3NS, ey L .
K P, AT Uy A AN w e
- AT Lt B EN AR e s e vy v, e
- P A M B - - B AST0E A
R R IIE B | A R A CRPN ST R v
P A XTI RSP0 e

3

g Fpber, s

]
o

y . ~
R : %
r— ! %
&
3
L
;
U g ".5
%
B,
i
¥
o H
B
%
o
4
b
TECHNOLOCY = |, :
:
:
;
K
]
' j
w :
5 * j
Y ! L]
s" ?
)
e ¥
. ‘
i :
- . (O
35 [
iy h
A |
h"
Ao * “ * ’
3" p '
5 ¢ y
, -
H ‘ 4 *
) v
. :

Nz RN \
(log scate)f _|! \\ -'\ ’ :
A A

0 .

P,
Rl b L

ERWEATATY

10

-

-

Loy
e e - A
. e

s
A A

T

,.
SRS
SRR

' a
.
.

107! |

0. 00 14.33 28.67 43.00 37.33 7t.67 86.00
coMP

A ..
SRS s ALd s

]
L3y

RATIO PLOT #3: CMOS DATA ON COMPLEXITY

C-4




e pe W pE T XSS AV L
- s aps 0 557 R hg Wit b 1 R i o
e Ty St T Gl e P .- ¥ ST

sy CTAEN R 3> ! L. .

B R B3
e h o R TR et TR 3
. e i g TS AT . K
erg e JT S e RS S . ] o

\ a
O N R S N b

2 el

Af

J
-
40.00

PN

g

i
T
33.33

T

i
26467

R T E VRS

NUMBER OF PINS

(=) w
o =
L] . - lr ° (=)
9 = ™
. = 5 ©
[ N
o ux
M..‘ L] o >0 @ LK ) ot @ - - NePn o O L9 e - oy . - L] o L1 T
e o
i ™ =
,»\ - *ee ® o oW @ o oMW W L] - PVRY SOWP SO OO S NS e o - L ] . 3 P
B 4 .
o = o
. ® - -t [
.

i
i

<t
o
Ll . L ] - - - L Ld L d .o
L]
. e oemerw ool o @ ® o s0 0 o+ o s s o
~
T <
-
K
L d . a O o - L3
& .
v . —
¢ ¥ T A i
Mu - \m..l — (=
& + — i '
3 o [ o (=]
< — o O - —
i ~< (7]
*. ~~
, o o
5 < o
.. —
A« e




I P KO

'V“L

ek, 2t U T L T
R S N s il S J

AR I Pt

N

P

Ty e

8.

TECHNOLOGY =

L ] L
: .f : )
I .
- Y, Y -
f -

»

L]
o J .
xo/xp
\‘.
)
\

.
"
Ll
—
Q
— o
m o
vt
w
(=2
o
—
N
- e e e+ e o S -
Fisd
. - T S N R,
- - . e Rt A e et A A R T K A
[t e el VR R R e G R T
s qred 21T oy R md i SRS o B P R Py A e R LSRR i
hnwww‘.ﬂ\ R T A P S e i

33.33 50. 00 66.67 83.33 100. 00
comMp

16.67

0. 00

LINEAR DEVICE DATA ON COMPLEXITY

RATIO PLOT #4

e LS DI CR IR e 1




4
I
-
x

S, ravey

e v e

LI
N PR p
K

Ty

R

BTN

s s

O B OB P B IR ERIRITHIIR U GF PO ARG GB custe & Saw * o o

- o e oo ® o ¢ o oo oo

w « + 1I-9

. 1-8/4c

o

LT

AR g e
SRS SNty S

+1

10

N St A
R fver Xl

Aolkp
(Yog scale)

A D
BRI A5,

10

PRI AT LR et
52O S
RO S

10

Pl s

Sl

SLLR LA ALY

o
o

3
o

sC

: SCREEN CLASS

RATIO PLOT #5

C-6




',
—
e o .e . . . . o o . . ———
; <
. [T
c, . . - * e oo e @ oo e o= oo e o o m oo v o o <D
X <
Nd | g
'y ==
: [ Y]
v =
. =
; f= o
“ o
N —t
f >
" =
< LJ
K =
* o
< o —t
: 4 |
. vy = 9
K . . T2 B P
—
< 3 &
o [
. v <
" w
o =
. ™ o om ® o o - ® o0 Moo . e sog= (XY —
. o s
13
)
N Q.
” . . . . X} * e o o eve oo . - -.FW m
- e
. <
o &
Y i [
3 - . - 4
..u M =
. * e - o w . . . [oo]
! [0
}
N
_ v - L8 00
(1] (=]
-t —t
+ w © '
- (=] oo o o
wi —t ~< [7,] Ly a—y
~
oo
~ O -
N ——
3 - -

Lo g 0 3
s R R R




TECHNOLOGY = 1.

65.00

]
[ ]
2o/ Mp .
(1og scale)
0
10 |
1071
1 ] L 1 (] 1 ]
— T 1 ¥ L '
0. 00 10.83 2).67 32.50 43.33 54.17

RATIO PLOT #7: CMOS DATA ON JUNCTION TEMPERATURE

C-8

e A ke S e 2 s R T o e o "




lo+1
. ﬁ'

Mo/ A

TECHNOLOGL = 5.

RATIO PLOT #8:

TJ (9C)

LTTL DATA ON JUNCTION TEMPERATURE

c-9

p
(1og scale) l
0
10° | .
L[] ’. .
1 — L A l ]
1 Ll ] 1) ¥ 1
0. 00 10. 00 20.00 30.00 40,00 50.00

ot s =



S N et s sot— At Aman o

+1
10 4

Ao/Ap
(1og scale)

TECHNOLOGY = 6.

115.00

109 |
| i | 1 ° | 1 }
L M ] ¥ T T 1
0. 00 19.17 48433 57.50 76.67 95,83
T3 (9C)

RATIO PLOT #9: TTL DATA ON JUNCTION TEMPERATURE




TECHNOLOGY = 8.

AO/Ap
(10g scale)

100

L 3

-+

e
-

0. 00 14.33

RATIO PLOT #10:

28.67 43400 57,33 71.67 86. 00
13 (%)

LINEAR DEVICE DATA ON JUNCTION TEMPERATURE

c-11




w
- -
.M =
x
[72]
[=]
. ofe 0 e oo LI ] . . . . =
=
(72
o
=
. . ll"—
a.
(72}
o
. (1) LI . e © e geo . . =
Q.
(721
o
T b o
* e o W L L0 ] ..'...'!D‘t'. AR ODOMOO WD WO B0 SV O oo o L] I'M G
~— ]
-~ o
S =
. e oo . o oun @ ofiae o o o . . m Fx
|73
—
| = = .. o
LX) - e o (114 @ 00 COMNGINEAR RO P SRV N WO @ & o ¢ -..b-. - e L] oe o > 1” u ) Qlﬂa
=~ -
. o oo 6sse B o® ¢ emese e oL-l.l w e o . . —.Tll w
- a.
o
-l'._ P
. e o ) - we o8 o _ssse o ¢ ooe + - | oo
o =3
—
—
. o ses o 04es we” @ Gwd oo ve o e o -
[7¢]
. |
o |
L ] L] L] ® 09 *m L] L] L ] [ ] e e @ L ] L] * ""
x
[72]
o o oo oo 0o o oo ate cmorPus e wo ® ®o s soce . . m
(=]
L] 3
ry o 0
o o o
-t — -

MolYp
(1og scale)

cosl Pl iR 3y . e



e = i o r——n v R e A e S
SN

-

28.67 43.00 57.33 71.67 86.00
coMPp

14.33

0. G0

: SSI/MSI MODEL

RATIO PLOT # 12

c-13




. +1
10 4 °

TR
SRS

S R ATS X

i : ,
s ! Xolkp .

\
3 ‘ (log scale)| . .
E

0
10 . .

Py

LA

o
2F SR

W pr— ey
X ‘?ﬁf{f;"&«}\g_
»

ST
AR

A
o

2
g
(N
i
< s - i ) 3 N i
¥ L I 4 1 1

uﬁv:a% Gty

! 0.0¢ 58.83 117.67 176,50 235.33 294,17 353. 0G0
coMp

-
ek

RATIO PLOT #13: LSI/MICROPROCESSOR MODEL

P AR TS Ty Soem
2R CEte’

c-14




R TOIE T
e

- {
341.33 409.60

J
273.07

*1 0

}
206480
coup
RAM MODEL

C-15

t
136453
RATIO PLOT #14:

. * oo 00 00 l 0 l
s
i
| ~
'
o~
! | . |
! S |
“ O ,ﬁ
i
¢
!
L, . . - N .
[
i . .
oo . ' s -
“ “ S
1 + 5
[=]
Lond ® -
+ -_— 2 .
o [~ 4 o o
- ~< (&3 —t et
. w
(=]
~< (=
(=4
—
St
i e — Po——————— A A
2 J— . B
o N .
g O e Pk e rerad |
o~ %,  2an g s G R R gES .m.:.a Pyt r i Lot B X e OAHM?J.'. AL ek KT EC S
. i s D Gl I LS et L R : : .
AR e b £t o v pe e e S g rasc o Sl 4y s .
fg 2 g O iy e e . L B ¢ it et bt ety Sk S o8 Tt
TN A \wm.;}%wm 25 m%.(n«ruﬁ.ﬁf B S S AR A SPOE:




n . - o
o TR LTITRCNINS.
(=)
o %
. B ~
-1
@
1=}
4 .
[
e
"~
4 © i
. 4 a
ol
e £
x
~ e
o o.
) =
g, o
o~ o
T =8 <
- O . -
o2 (&)
—r
»*
—
S
fa)
b4, o
L] L] —p— 0. m
~ 1
-4
o
o~
3
- *
] S
-t
2 =S
~—t >
-y — o
+ ) o
(<] a -N o
ol ~< o -y
S~ w
P [~
Y < on
. (=]
~ -
L

g

.m,ﬁmyw..,uxmﬁ M, A o e B o ol e nesin s e C P
e N T

.



APPENDIX D
MIL-HDBK-217C, PART I11 UPDATE
D-1

)
\

i

)

)

i

|
o




RS ST LTI

c. b,

LT LSRN v detd e e ne e

P e gt ey i

<

o2 re P 'y et 2 1R IR ) "o st
h - 00002-10051
"t vz st 9z e "1 *1 " "t 15°0 aviodyy
"t 52 £ $2 €2z "1 z1 P 560 tco soW
00051-10001
' 1 P X 1 2 01 01 s8'0 o0 Jeodie
s et 560 12 "1 vt w0 o 990 €20 soM
00001 -105¢
%0 Tt w0 ¥ 't 00 e S0 090 820 aviodyy
wo 't aseo »1 21 v"o 60 950 <0 st'e o
005£-1005
"0 60 5°0 ot o 20 50 150 o si'o aviodig
€50 0 wo 'Y $2°0 150 2o o oc'o ot'o SoM
0005 -100€
050 0 wo wo 0 "o o”0 €0 s2°0 uo sviodyg
"o %0 sto 90 0 €0 620 20 2o 000 SoW
000¢-1002
o0 050 £€0 050 0 1£°0 20 920 12’0 se0°0 serodig
o sr'o @e ”»0 ”®0 s2°0 1Z'o ) S0 - 6400 SoW
- 0002-1001
o oo @o w«o oo 0 1o oz'0 0’0 2%0°0 aviodis
7o ®0 &aH'e [ ] €©2e o (4% ] e 260°0 000 SO 0001-105
2o "o e @0 ste ’"°e e 210 960°0 €00 avgedyg
st'o ) 2o ne "o 6600 990°0 000°0 250°0 6100 s 05101
st'o ”®o a0 1o 2o 960°0 ¥90°0 220°0 0900 y20'0 Jejodig
€500 ore o0 €60°0 200°0 ¥50°0 "o oo 200 1100 sow
oot-1s
£60°0 Wwos  £e0°0 £90°0 150°0 oo 1o €00 £20'0 210°0 avjodis
vyo'o S0 $50°0 %0 00 400 $£0°0 2600 t20°0 1900°0 SOH
05-12
o0 %0 ¥50°0 0s0"0 wo'o st0°0 ¥co°0 oco0 2200 1900°0 sviodyy
0%0°0 §S0°C 99070 o' %€0°0 0£0°0 8200 520°0 10°0 $900°0 SON oot
150°0 0500 1o'0 $€0°0 s20'0 929°0 s20°0 220°0 20’0 ¥%00°0 avjolyg
W n, iy, LM n, Su e ny, % I4% 190 M1 A1)
31w
ININONIANT NOLIVI1 MY HOLIAINIS 1 336AM

{sanon ,O17°3) IN
JIBMM M1 SIINAN WL woSs *

AN “SA SITMIIVY
‘3w NV IJRINID  1-E IV

D-2




N TS e N S T R s TN v Xy S A _t-:
K .
"\
4] y
o ,
e ‘€2 T3 ‘15 /4 et 1°¢ 16 99 (81 SOH
00002-10051
[ o § e T € 9t $°2 | | & 4 L1 $tL°0 Aejodig
03 ‘st &y ‘02 st e ss s €y "1 SoM
0001 -10001
'3 ez 9t e $°2 1 st st 21 50 avgodyg
o' $°¢ 't ‘€t *e. 'S L't [ 1 92 90 SON
00001-105¢
€1 0z zt 12 1 ] 1 "t se°0 st°0 aegodyy
2 t 3 ] [ 2t [ o ] t’e [ 3 [ 3¢ 4 €2 £t ”®€°0 SM
005¢-1005
o "1 os'c st €1 »o o 2o 0 £2°0 sojotte
"1 s st 2's I 0z st "1 %0 20 o
0005-100¢
”o %0 s°0 vi LX) 19°0 15'0 o 000 9’0 avgeiry
%0 vz 060 e €3 21 "o 90 090 o SN
- 036 -1002
[N ] 95’0 E{N ] e %°0 o SE°0 "we o ot'e Jejodiy
90" st 09°0 02 "t wo ) €50 ) 0900 SoM
N 0002-100%
«o 0s°0 x'o 050 o oc'o e 20 ) 20°0 avgedyg e
o, [N ] £€®t°o [ 38} | /& ] ore [~ ] 20 (] €00 SO 0001-195 o
"o oo oz'0 oc'o ?2o ) st'e sto e s seodie
zo ‘w0 si'o 50 sc0 12’0 st'o st'o oo s0°0 SoM ot
00%-10
ace 020 o 310 st'o e 9%60°0 150°0 00%0 $20°0 P
ae 0z'0 or'e 2o ano 500 st0°0 100 €0°0 €10°0 S -t
001-15
660°0 o0 swo (%00 %00 $50°0 150°0 000 00 £10°0 aeqodig
$00°0 e &0 "o 200 0%0°0 6070 ) 10°0 1600°0 SN .
051
§9°0 Yo' 950°0 s0°0 "0’ 00 160°0 ££0'0 y20'0 1600°0 svjod)g
1070 w00 SS0°0 or'v 200°0 500 200 st0°0 ¥20°0 zto0'0 SN o2t
1%°0 SS00 MO0 0Y0°0 2t0°0 620°0 120°0 %200 v10°0 #%00°0 seqodyg
L" », ay, Ny i, Su % 1, ) T 190 K13 A1
ANBHOUTAND HO1 1Y) TdY WOLEAES X TIAN
{smon ,017°4) 1 1A% “SA STIVAIVS I11IINNON
NI 33130 WII1910 903 ‘D¢ ‘3tve IwNVE JWMI 2-€ INVL
o - . x> e — R, P —_
b ST

EETIYIERR



AER o MO DTS T BT L SR Y TR S T T ST A Salwt Rt gt PR JES— [ - - - , . «ﬂ
TN H t

B b Te P R -

w0 "1 st'o 0z st 0 We ) 5570 st'e soH
, - 000¥¢-1008¢
) e 030 o 0 "o e 820 @e wo te0'o sejodiy
’ 50 60 P z 150 %o o "o ) ot-o som
0009¢-10021
\ 2o %0 2o *®0 ) ©2o oo ) ) %00 seiedsy
€0 650 1o o0 0 twe @ 2’0 0z'c ”0°0 SoH
: 00021-10011
2o s2o ao sz'e 0z'0 sto q1e e ) 200 avjodyy
2”0 WO s2'0 €S0 wo 2o o r='e S1°0 "0 o
. 00011-1005
. e ete o oo "o we o010 s60°0 $20°0 te0°o avjodiy
i e o« ao o 5273 ao e ) $60°0 620'0 oM
- 0005~ 1922
s’ si'0 e 1o o w0 6ee 200 ¥50°0 00 seiodiy
o e tie . we ) e %00 0%60°0 too 120°0 son 2zttt -
° -
(o e %00 ol 200 ste0  ¥0'e 50'0 "o'o ne'e aeiedyg a
! wo  st'e 1600 st'o e m's %00 ¥0°0 ne'e s10°0 SoM oeti-ats
d 00 wo'e $%0's %0 ¥50°0 00 00 ) e 1e'o aeyodiy
. W0 0 ANC w00 %00 wo's e "o'o oo o10'0 SO sisze
. { uoo w0 250°0 1500 100 0’0 €00 ocoe w200 9000°0 sniodig
T woo om0 %00 w00 ¢%0°0 "o 100 %0°0 1200 1500°0 S .
. gﬁl
w0 2%0 ©o'0 00 (00 w00 109 8200 020°0 §t00°0 seediy
A" n, a, % in, Su Y iy ) I5e% 190 0MD 3 siam
1 TEMIOITANY NOTIVIN TV WLLINIS T DIAN

{sanon 017" 3) INBMOIIANS “SA STWIIVE JISINM NI SIIAX
~ ) (WOV) ANOH3W ATNO OV W03 Y ‘31vi FWNUIVI JTNMID €€ 3L




en, G TS T AR A SRS P SRS s “ “ ,
B G St . ] ) r ,

5.

2 -2t $2 s Tt e 2 $°2 st ”®©°0 Son
: 000¥L£-1000C
"w'e woe we 7y §9°0 ne %0 x'e oo 18] vl
st t'c i s ”t st » i e sto SoM
: 0009¢-10021
we X %0 €50 e o ”'e sz°e 02’0 S0’ aviodiy
’ 030 12 stce { ¥ 12 o1 e oo "o 160°0 SOM
000L1-1001¢
2o tc'o e ”®o 20 oz'o ae we o 0%0°0 avodig
0 9t ;’'e "z st wo ”’0 £5°0 «o 8§00 SoM
000111005
o 73] o @2 o ”no ae e 80°0 w®o'o a0iodig
%0 e «we Tt st'e oo ’'e 20 6o woe SO0
0005-1922
”n'o st'o e ao to ot'o %00 5900 £30°0 »20°0 aeqedig o
°2e Ll ”®'e 20 ‘e @’ a-e 80 e $20°0 SOl PN
= ovzz-121t
ne oo e a0 %0°0 6o o'y $%0°0. ©0°e 6100 avieeiy
ae x0  ste @0 o 0no o 2o 290°0 $10°0 SO J—_—
-us
€§0'e  %60°0 o's w00 0°0 150°0 0o'e "wo'o 00" 200 Jeqedis
1o 020 %o - RO st'o . %00 »"°o°'o 0t0°0 900 2100 SOM ors
- - -12¢
0N T (X ) 9%50'9 6500 0o'o 600 %00 oo »20°0 2600°0 seqodiy
oo ane no'e w2 Mo 60’0 00 §50°0 $t0°0 010°0 soM .
. 8"'
00 900 €50°0 750°0 00’0 %€0°0 to'e 00 7o'o *900°0 seqodig
Y n, iy L m, S W% ity s Ise" 1900MDI | AHXILAD)
1ne
! SHRIONIARY NOTIVOE WiV NOLLAINIS T DIAM

(sanon ,01/°3) ININONINGD oA SIVANVE J1IRNINOK N1 $3IIAN
(WOw) 2wk AWO QYN ¥03 °

¥ 31V MRV NANID V-t Vi




gt PR R AT TR TN T ER RS et v PO P LT e
ki T ?

- " e e e e e ) verssarer
1) 2 *s st -2 el s s o »e 31I0s so8 B
000¥Z:i000€
| 52 o's vz T o ot €2 €2 rt $5°0 pwendg son
: ot e 62z *”e o ’c .2 2z 1z s9'0 21105 SOM
000RE -10071
. €t ”z 2t e s'2 s zt s 0 %20 pwensg SO
61 ee %) 6o P €2 et "t et w0 1318 sou
) Iz ) vz et 0t ”o wo 50 sto apweakg 4 | 000L1-10011
') ot ”t s€ oc 2 ct ot i ) avpodyy
1 sz 2 re ve st "t vy "o @ s s
50 e ss'0 vi 't ) 15°0 15'0 ) o spweug so | 0001L-1005
. ot et ot o'z e 21 %0 560 ) ) avjodsy
) ) 190 ”1 21 "o ts'0 ) o €10 213015 SoM
w'o 190 1o o« 50 se'0 20 @ ) 0%0°0 siweuly S0 | 0005-1922
o 60 s 't 0 $9°0 50 150 sr'o R ) avpodyy
%0 990 o P 290 €0 ) 620 20 90°0 213015 sou
2o e ) o ) sto si‘o st°0 o 00 dpweufg s | ov2z-12it
%o 50 sc'0 ) 10 €0 o =0 2o oo sviodiy M
2o  tro zo ts'0 oo "o 610 st°o "o e 21308 0¥
. sto  €2e e %e ) €10 ot'e ot'o ) ) spwewig soM | o21t-2L5
_ ze o ") €0 oce ze wo e "o vs0'0 aviodyg
st'e 920 ct'o @20 120 o 1o ot'0 $10°0 £20°0 21305 SN
we e o0 ) o 00 €00 000 "o'o oo y—— ses-1z¢
st'e 120 ) o ) 2o 1”0 or'e 190°0 10’0 avpodig
o 1o w00 ) no %0 NGO €00 £50°0 o100 213015 SN
0600 10 Wo'D o €900 €00 000 100 ) 1100 spwessy cod ozt-1
e sro . ol'0 ”0 €0 %00 0900 900 6500 €200 avjodg
A" "y , Ry in, S ) 1y ) 5% somweoit | anonam
INRMONTAND NOTIVIL UV ¥O1141835T IHAT
gﬂﬁ!ﬁ.%ﬁmw!ﬁ&n&m. ngﬁﬂnwﬁﬂ-ﬂmﬁﬁe et

I 5, P PR
o FomedSr ot 4 ol
g At s S

o e T s
,‘»WO\. S aL




L enfra ez Sl

Y SIS

‘€2 ‘19 ‘€2 K 19 {3 ‘g2 €2 "5t [ 3 2015 SN
e €2 oe 1€ ‘€2 ‘2t (¥} (Y3 rs 1 Symrulg oM fonnL-toome
6’6 ‘82 26 "6¢ 82 st e re 0t S8 21105 SIM ooone- o0t
&€ i L X+ st g1 z's N+ X1 $°2 05°0 dywruig SoM
'y ‘et €'y ‘ez ‘gt e ' 2’y [ 3 60 211035 SOK
2 oz $°2 68 o't ve $°Z $°2 ot €50 opmeuty oM 00021 -10011
$°2 ”r 52 rs s’ o't vz 2z 02 8o Jvion)g
13 ‘2 o'y ‘91 -2t &S o'y X 82 00 319N SN

R ”» I} s’ .y e LN ”t (M 22’0 apweukg SOM 00011-1005
(3 $'2 (1 o't sz "t i (A (N ] wo seqcnyg
&1 TS 6t 3] s $°2 st 1 3 't s2°0 21305 SOM
10 e «°o o't Tz "t "o €o 15°0 660°0 I wewsy Som 0005-1922
0n0 *t uo Fa | [ %0 (14 ] t®o 05°0 2o Jviodig
0 vz w0 (383 e 2t og'0 0e°0 5%°0 o NS soM
"o o't %0 $°1 %0 o st'o s¢°0 e £%0°0 Jqweuha SOM ov2z-1211
oo 6’0 "o *%'e $°0 05°0 w0 o 1o 1o Jejodig
i5°0 st ”5°0 2 st st'o 150 15°0 st'0 §%0°0 1IN SoM
”2o 19°0 2’0 %0 »°0 ®wo yz'o *7°0 ”n'o Au0°0 Jpwenio SOH ozt1-us
2’0 "o sz'0 xo 0 ”2'o 2o 20 ti'e £€%0°0 Jeiodie
620 90 2o %6°C 99°0 ®'o no'o 220 nc €00 MIns SoM
"o wo N 0o x°0 ino e 1o 2°0°0 oo Sjwensg SO 95-12¢
st'o @ nN’o oc'o w22 s1°0 e o ¢60°0 $€0°0 avqod)y
2o o sto €0 ©wo wo LN si‘o o (7 ] NS SN
e st'o no oc'o 20 o "o 9070 #50°0 Moo Ipeeusa Sou o2c-1
o 0z°0 2’0 1z ao wo 960°0 $60°0 20’0 $20°0 avqodiy
W y iy fy ta, Sx "y s, 3 Icy% A0 106N 1L auxdiam
INRRIQUTIAND NOT LV TddV NOSISINIS N AN
PR SR LN Sy B R LRI e R SN

D-7




e v =k e s % mmam e wt ot e e SO S ORI U

[ 23 2 [ X ‘o e ty [ ¢ [ X ] ot [ & ] $203313veS8 00E-901

e 1 09°0 e L | w'e ”"e %0 "®e $%0°0 sJeysysvesl 001-EC

«o 0 e oo [ X ] e st'e s1'e ”ee sio'¢ sinsysves] 2e-t

STWAWS 11 BMRN0N

%0 ”t st'e *? st «®'e o'e "' “w'e ne sdeisjsveal 00C-00t o«

. . 3
7o %°0 @2 €$°0 we "”e e e e ®«e'e sJeis|sues) 00L-£C e
ne ”e 90o'e {€aH°e e 0'e 1908 £90°0 "wo'e "ne'e ssotsisvesy 2¢-1

SIWINS NIINM

T O W % My 4 T
ANDMOUEANT NOTLVIL WY !.3.:_9.! NI

{samoy u“:.a ANDONTANS °SA
3N °3UVe JATIVS M L€ INVL

SIIANG WML wOi




AP AT L s y n 0% s U

e
I G

YRR

NS,
Az 4

A ¥
Sl

TR,

A
YR

5

AT
e

S—
k.

KR SN Ty
":gp EreY

SRS
b

b5

o et o o
FARANYNIE

TABLE 3-8

7Q» QUALITY FACTORS FOR USE WITH
TABLES 3-1 THRY 3-7

Quality Lavel ™
S 0.5
8 1.0
B-1 3.0
B2 6.5
c 8.0
C-1 13.0
0 17.5
0-1 35.0
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TABLE 3-9
m.» LEARNING FACTOR FOR USE WITH TABLES
3-1 THRU 3-7
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The learning factor m 1s 10 under any of the following conditions:

(1) New device in inizia) production,
fg; Where mjor changes in design or process have occurrad.

Where there has been an extended inicrryption in production or a
change in 1ine personnel (radica) expansion).

The factor of 10 can be expected to apply until conditions and controls
have stabilized. This period can extend for as much as six months of
continuous production.

™ 1S equai to 1.0 under all production conditions not stated in (1), (2)
and (3) above.
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APPENDIX E
PARAMETRIC CURVES




Appendix E contains graphs of predicted failure rate as a function of
complexity for junction temperatures of 250C, 500C, 750C, 1000C and 1250C.
Failure rate calculations are based on the microcircuit reliability
prediction models of MIL-HDBK-217C and assume a part which has been
screened to Class B specifications, used in a ground-fixed (GF) environment

and in a ceramic dual-in-line (DIP) package with glass seal.
These graghs _germjt the reader to visualize the effects of complexity

and temperature on predicted failure rate for various part types and
technologies. The graphs are also useful for estimating the predicted
reliability of alternative components during the early design and <omponent

selection stages.
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